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INTRODUCTION 
The research programme of the Gulf of Finland Year 1996 (GOF96) ended officially at the 
Final Seminar at the Finnish Environment Institute on 17-18 March 1997. The proceedings 
of the Final Seminar are presented in this volume. The establishment of the joint Finnish-
Estonian-Russian GOF96 research programme was started in February 1994, as part of the 
preparations for the thematic year. The programme was adopted by the governments in 
January 1996 in Pskov, where the trilateral protocol on the Gulf of Finland Year was 
signed. 
The objectives of the research programme were very ambitious: (1) to improve the esti-
mates on the pollution loads to the Gulf, (2) to define jointly the present state of the Gulf, 
with special reference to eutrophication and harmful substances and (3) to create scientific 
basis and guidelines for the most urgently needed pollution reduction measures. 
Partial success was achieved within all the above tasks. However, a lot remains to be done. 
There are still uncertainties in pollution load data, especially concerning the loads from St. 
Petersburg and Leningrad region, as well as diffuse loads in general. Reliable load data is 
the corner stone for the assessment of the state and for the future of the Gulf. At the 
moment, there is a joint and deepened understanding of the alarming state of the Gulf of 
Finland. Despite the decreasing loads in the last years, the present load is still intolerable 
for the carrying capacity of the Gulf. Pollution reduction measures must be implemented 
effectively, concerning both nutrients and harmful substances. 
Tentative modelling results indicate that effective pollution reduction measures will have 
a clearly improving impact in the Gulf already within a rather short time, i.e. in a few 
years. The positive effects in the Gulf, and especially in the coastal waters, are more 
pronounced when reductions are implemented in all three countries rather than only in St. 
Petersburg and Leningrad region. 
The general conclusion at the Final Seminar was to continue the cooperation of the three 
riparian countries. In fact, GOF96 was never thought to be an end, but rather to make a 
start and basis for continuously strenghtening collaboration. It is important to sharpen the 
Gulf of Finland research to even more operational and management supporting direction. 
An up-to-date monitoring and modelling system is necessary for understanding the 
developments in the Gulf, forecasting the impacts of protective measures and establishing 
a firm background for management decisions. 
I want to use here the possibility to thank you all who have contributed to the progress of 
the Gulf of Finland Year 1996. The cooperation has been challenging and pleasant and 
seems to have improved our readiness to face the future demands, as well. At personal 
level we can do a lot for the benefit of the environment. As scientists and experts, we 
should have a firm committment to help in solving environmental problems; by this we can 
also affect positively the confidence between scientists and decision makers, as well as to 
improve the perspectives of receiving the necessary material support to our work. 
Juha Sarkkula 
Research coordinator of GOF96 
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1.1. PROGRAMME OF THE FINAL SEMINAR OF THE GULF OF 
FINLAND YEAR 1996 RESEARCH PROJECT 
Place 	Finnish Environment Institute 
Kesdkatu 6, Helsinki 
March 17,1997 
09.00 	Coffee and Registration on the ground floor 
09.30 	"WELCOME AND OPENING ADDRESS" 
Kari Kourilehto, Ministry of the Environment, Finland 
ADDRESSES 
Tiiu Raja, Estonian Ministry of the Environment 
Vadim Sokolov, Russian Environmental Administration 
Tapani Kohonen, HELCOM Executive Secretary 
Chairman Dr. Juha Sarkkula 
10.30 	"POLLUTION LOAD ON THE GULF OF FINLAND" 
Ain Lääne 
Tallinn Technical University 
11.00 	"INTEGRATED WATER MANAGEMENT OF ST.PETERSBURG AREA" 
Hans Balfort 
Delft Hydraulics 
11.15 	Break 
11.30 	"EUTROPHICATION AND ITS EFFECTS IN THE GULF OF FINLAND" 
Juha-Markku Leppänen 
Finnish Institute of Marine Research 
12.00 	"EUTROPHICATION PROCESSES AND FOOD WEBS IN THE EASTERN GULF OF FINLAND" 
Valentina Drabkova 
Institute of Limnology of the Russian Academy of Sciences 
12.15 	"OXYGEN CONDITIONS OF THE EASTERN GULF OF FINLAND IN THE 1990'S" 
Heikki Pitkänen 
Finnish Environment Institute 
12.30 	Lunch 
Chairman Dr. Oleg Savchuk 
14.00 	"HARMFUL AND TOXIC SUBSTANCES" 
Harri Kankaanpää 
Finnish Institute of Marine Research 
14.30 	"BIOLOGICAL STATE AND CHANGES OF THE COSTAL WATERS" 
Irena Telesh 
Zoological Institute of the Russian Academy of Sciences 
15.00 	"ACTIVITIES OF THE BALTIC FLOATING UNIVERSITY" 
Aleksei Nekrasov 
Russian State Hydrometeorological Institute 
15.30 	Coffee Break and Poster Presentations 
16.00 	"HYDRODYNAMICS OF THE GULF OF FINLAND" 
Pekka Alenius 
Finnish Institute of Marine Research 
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16.30 	"ON THE DEVELOPMENT OF DOWNWELLING AND ANTICYCLONIC EDDY AT THE 
ENTRANCE TO THE GULF OF FINLAND" 
Urmas Lips 
Estonian Marine Institute 
17.00 	Closing the Session 
17.00 	Poster Presentations 
19.00 	RECEPTION by the Finnish Ministry of the Environment 
at the Finnish Environment Institute 
March 18, 1997 
Chairman Juri Elken 
08.30 	"SEDIMENTATION PROCESSES IN THE EASTERN GULF OF FINLAND" 
Aarno Kotilainen 
Geological Survey of Finland 
09.00 	"HEAVY METAL LOADING IN THE SEDIMENTS" 
Henry Vallius 
Geological Survey of Finland 
Mirja Leivuori 
Finnish Institute of Marine Research 
09.30 	Coffee Break and Poster Presentations 
10.00 	"MODELLING OF THE EUTROPHICATION IMPACT IN THE GULF OF FINLAND" 
Oleg Savchuk 
Russian State Oceanographic Institute 
10.30 	"TESTING OF THE GULF OF FINLAND ECOSYSTEM WITH EXTERNAL LOADS" 
Rein Tamsalu 
Estonian Marine Institute 
10.50 	"CALCULATION OF THE EFFECTS OF THE LOADING SCENARIOS" 
Jorma Koponen 
Environmental Assessment Center of Finland Ltd. 
11.15 	Break 
Chairman Lea Kauppi 
11.30 	"SUMMARY REPORT OF THE GULF OF FINLAND YEAR 1996 POLLUTION LOAD AND 
RESEARCH GROUPS" 
Juha Sarkkula 
Finnish Environment Institute 
12.15 	Press Conference 
13.00 	Lunch Break 
14.00 	"LONG TERM TRENDS IN FISH POPULATIONS AND CATCHES IN THE GULF OF FINLAND" 
Maria Kallio 
Finnish Game and Fisheries Research Institute 
15.00 	"THE FUTURE OF THE GULF OF FINLAND - FURTHER RESEARCH COOPERATION" 
Plenary session and panel discussion with representatives from Estonia, Finland and Russia 
17.00 	Closing the Seminar 
E 
1.2 OPENING ADDRESS 
by Mr. Kari Kourilehto, Director General of Ministry of the Environment of Finland 
The pollution load of the Gulf of Finland has been subject to research by the coastal states 
for nearly thirty years. An extensive research effort has been undertaken since 1994 by 
scientists in Finland, Russia and Estonia as part of the preparations for the Gulf of Finland 
Year 1996. As a result the political decision makers have now significantly more concise 
and uniform information on the state of the Gulf and on measures necessary to be taken for 
reducing pollution load. 
The main political event of the Gulf of Finland year 1996 was an international seminar held 
in Helsinki on September 17. The seminar was attended by Finnish and Estonian ministers 
of the Environment and the Chairman of State Committee for Environmental Protection of 
the Russian Federation. Approximately hundred other participants representing researchers, 
official authorities, the European Union and international financing institutions as well as 
various non-governmental organizations took part in the seminar. The conclusions and 
recommendations for further action were adopted in form of a joint declaration by the 
ministers. 
Already on the basis of the interrim report of the research programme which was published 
at the seminar we know that the Gulf of Finland is in an alarming state. Eutrophication is 
the biggest problem in the Gulf. Its nutrient load is three times the Baltic average. 
Despite the implementation of numerous projects under the Baltic Sea Joint Comprehensive 
Emvironmental Action Programme and the decreasing trend of nutrient loading into the 
Gulf of Finland, rapid actions are still demanded. 
Even 60 to 80 % of the nutrient load comes from Russia where the City of St.Petersburg 
and the Neva River are the most important sources of nutrient loading. 
In St.Petersburg, the most urgent task is to intensify waste water treatment including the 
treatment of industrial waste water containing heavy metals as well as hazardous waste 
management. The treatment of waster waters originating from large-scale animal husbandry 
in the Leningrad Region must also be stepped up. 
In Estonia, urgent action is needed to reduce emissions from the oil shale power plant in 
Narva and to intensify the treatment of industrial waste waters in the Kohtla-Järve region. 
The waste depository in Sillamäe should be improved to avoid the nitrogen load leaching 
with the drainage water into the Gulf of Finland. 
In Finland effluent from agriculture and fish farming must be reduced. In addition special 
attention should be paid to nitrogen reduction in municipal waste waters. 
Improvement of environmental state in Russia and Estonia requires extensive funds. 
Although the main responsibility for project implementation lies with the countries 
themselves international financing is necessary for speeding up the actions. Several projects 
in Estonia and Russia have already been carried out with the World Bank, the European 
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Bank for Reconstruction and Development, the Nordic Investment Bank, the Nordic 
Environment Financing Corporation, the Phare and Tacis Programmes of the European 
Union and several donor countries. Good examples are for instance the rehabilitation of the 
Tallinn waste water treatment plant and water sector development programme in 
St.Petersburg. 
During the past six years the Finnish Ministry of the Environment has supported a number 
of joint environmental projects in the North West Russia, the Baltic States and Poland. In 
1991-1996 Finland has supported environmental investments and technical assistance 
projects with roughly 366 million Finnish marks (approximately 76 million USD). Finland 
is prepared to increase her contributions to the environmental projects in Russia to be 
targeted in the protection of the Gulf of Finland. I wish to emphazise however, that the 
major part of the project costs should be covered by the local partner. 
European Union strategies and assistance programmes play a central role in the Baltic Sea 
region. The Phare and Tacis programmes and other EU's financing instruments should be 
utilized far more actively in Russia and Estonia for projects improving the state of the Gulf 
of Finland. 
The elaboration of an Agenda 21, a sustainable development programme for the Baltic Sea 
Region was launched last summer jointly by the countries in the Baltic Sea area. It aims to 
reach a regional consensus at the highest political level on development and environment 
cooperation. 
The drafting process of the Agenda 21 will enhance cooperation between the countries of 
the Region. This is of great importance while talking about the environmental problems 
having transboundary effects. 
Agenda 21 underlines the importance of sectorial integration. I should like to emphazise 
this aspect also in the context of the Gulf of Finland. The protection of the environment 
should take as an integral part of all relevant sectors in all three countries. This calls for 
more close cooperation between the authorities of different sectors. 
2. POLLUTION LOAD 

2.1 POLLUTION LOAD ON THE GULF OF FINLAND FROM 
ESTONIA, FINLAND AND RUSSIA IN 1985-1995 
Summary Report of the Working Group Loading 
Heikki Pitkänen, Finnish Environment Institute 
Sergei Kondratyev, Institute of Lake Research, St. Petersburg 
Ain Lääne, Tallinn Technical University 
Vesa Gran, Finnish Environment Institute 
Pirkko Kauppila, Finnish Environment Institute 
Enn Loigu, Tallinn Technical University 
Irina Markovets, Inspection of the Sea, St. Petersburg 
Karin Pachel, Estonian Environmental Information Center 
Vladislav Rumyantsev, Institute of Lake Research, St. Petersburg 
Introduction 
As a part of the cooperation under the the Gulf of Finland Year 1996 Project (GOF 96), the 
Joint Working Group on Loading has gathered the available pollution load data from 
Estonia, Finland and Russia. Despite some deficiencies, the compilation presents the most 
up-to-date statistics on the loading of nutrients, heavy metals and certain harmful organic 
substances. Additionally, based on the discussions in the workshops with the other WGs 
of GOF 96, as well as other specialists in the three countries, proposals to target water 
protection measures in order to decrease anthropogenic loading to GOF are presented in 
the report. 
Total loading and the main sources 
The Gulf of Finland receives annually 7 600 tons of phosphorus and 138 000 tons of 
nitrogen (Tables 1 and 2). These two nutrients are the main substances causing 
eutrophiction. The biological oxygen demand of the load is ca. 200 000 tons annually. Per 
surface area the nutrient load of the Gulf is two to three times that of the whole Baltic Sea. 
For the most loaded eastern Gulf the corresponding factor is about 5. Additionally the 
loading of heavy metals (e.g. lead, cadmium, mercury, chromium, zink and copper) as well 
as that of oil and phenol compounds is substantial. 
Russia - especially the St. Petersburg area with its 4.5 million inhabitants and over 3 000 
industrial enterprises - is the most prominent source of loading. Regarding nutrients, 
Russia is responsible for 58 % of the nitrogen and 79 % of the phosphorus load, while the 
proportions of Estonia and Finland are around 10 % each. About 17 % of the loading of 
nitrogen is due to atmospheric emissions from the three countries as well as from more 
far-away sources. In addition to the St. Petersburg area, local 'hot spots' are the Helsinki 
and Kotka-lower River Kymijoki areas in Finland and the coast of the Eastern Viru 
Province and the Tallinn area in Estonia. 
According to the present data, the loading of nutrients to GOF has decreased by 25 to 
30 % (Tables 3 and 4) and the load of organic matter by almost 50 % since the late 
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1980s/early 1990s, partly due to water protection measures and partly due to economic 
reasons. These trends are in accordance with the observations that the general 
eutrophication development which was very clear in the 1970s and 1980s, has ceased in 
the 1990s. 
In addition to nutrients and oxygen consuming organic matter, heavy metals, oil 
compounds as well as some other organic harmful substances have decreased since the late 
1980s. Although the loading statistics of these substances include many uncertainties, the 
decreased loading of heavy metals could have been verified as decreased sediment 
concentrations in the eastern Gulf. Most of the loading of heavy metals and oil compounds 
originates from the St. Petersburg area. The pulp and paper industry on the south-eastern 
Finnish coast has been a considerable source of halogenated organic compounds. This load 
has, however, significantly reduced in 1993, when elementary chlorine as a bleaching 
agent was completely stopped. 
Apportionment of the nutrient load by the source 
Municipalities is the main anthropogenic source of nutrients: 36 % of the load of 
phosphorus and 20 % of that of nitrogen originate from cities and towns by the Gulf 
(Tables 1 and 2). The contribution of agricultural N and P is about 10 % of the total load. 
However, especially in Finland agriculture is the largest single anthropogenic source of 
nutrients and it clearly affects the state of the shallow and archipelagic coastal water area. 
In Estonia and Russia the role of agriculture as a nutrient source has strongly decreased in 
the 1990s due to the decreased use of fertilizers and decreased amounts of animals in 
livestock breeding. Also in Finland the use of fertilizers started to decrease during the first 
half of the 1990s. 
Only ca. 2 % of the nutrient load originates from industrial sources (Tables 1 and 2). 
However, the actual proportion is somewhat higher because most of industrial enterprices 
in Russia and Estonia are connected to municipal sewer systems. In addition to 
municipalities, loading caused by emissions to the atmosphere is a large source of 
anthropogenic nitrogen (17 % of the total load). 
A large part of both nitrogen (53 %) and phosphorus (45 %) inputs to GOF originate from 
various sources in the large lake-rich parts of the catchment, especially via the Lakes 
Ladoga and Peipsi (Tables 1 and 2). Most of this input is due to natural leaching. The 
eutrophying role of the input is, however, smaller than that of point source nutrients, 
because it is largely bound in organic compounds (nitrogen) or inorganic particles 
(phosphorus) which are stable also in marine environment. On the other hand, the large 
lakes in the catchment of GOF are clearly phosphorus limited, which means that a 
substantial input of inorganic nitrogen enters GOF from the upper catchment. 
The present state of purification and the needs to intensify it 
Phosphorus reduction of waste waters has been succesfully implemented (over 90 % 
efficiency) in most of the Finnish municipalities and industrial plants and in Tallinn in 
Estonia, while the removal efficiency is poorer in the other Estonian municipalities and in 
Russia. A part of the municipal and industrial waste waters in Russia and Estonia are not 
at all or very poorly treated. This totally untreated proportion, however, strongly decreased 
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in the 1980s and the 1990s, mostly due to the gradual introduction of biological treatment 
in the St. Petersburg area. At the moment 30 % of the waste waters of the St. Petersburg 
area enter GOF without any treatment, the rest being biologically treated. 
According to the results of the Russian authiorities, as well as to the preliminary results of 
a Finnish-Russian joint project, the removal efficiency of the biological treatment plants in 
St. Petrsburg is surprisingly high (about 50 %) for phosphorus. It has been suggested that 
chemical precipitation of phosphorus with metals would take place in the sewer system 
due to industrial heavy metal inputs. An alternative explanation is that the conduction of 
sludge containing coagulants from drinking water treatment plants to the sewer system 
would bind phosphorus to particulate matter which is then retained at the treatment plants. 
In order to decrease the present elevated trophic status of the Gulf, phosphorus inputs 
should be further strongly decreased. This would mean that at least 80 % purification 
efficiency should be reached in St. Petersburg and in the other population centers of over 
10 000 inhabitants (cf. HELCOM Recommendation 9/2, 1995). By doing this the present 
municipal load can be reduced by ca. 2 000 tons per year (25 % of the present total load to 
GOF). Reaching this efficiency presumes the introduction of chemical phosphorus 
precipitation. In St. Petersburg and also in smaller towns in Russia and in Estonia the 
sewage system should be reconstructed so that all the waste waters can be treated. In 
addition, those industrial waste waters which contain substantial amounts of harmful 
substances should be separated from municipal ones due to possible inhibitive effects at 
the plants and to ensure high purification efficiency for industrial waste waters. 
At present the average purification efficiency for municipal nitrogen effluents is 25 to 30 
% in all three countries. According to the most recent studies, the role of nitrogen as an 
eutrophying agent in GOF is even more important than that of phosphorus. Technically 
the purification efficiency of about 70 % (HELCOM recommendations 16/9, 1995) can be 
reached using longer residence times and microbiological nitrification-denitrification 
process (converts ammonia-N to molecular NO at the purification plants. If this can be 
done in population centers of over 100 000 inhabitants, the present N load can be reduced 
by about 15 000 tons/year (11 % of the present total load). According to the 
Recommendation of HELCOM the 70 % reduction level should be achieved in 1998 or in 
2010 concerning the countries in transition (Estonia, Russia). 
A substantial industrial source of nitrogen has been the waste depositary area in Sillamae 
by the coast of north-eastern Estonia. In the 1980s the nitrogen load from this area was 
over 10 000 tons/year (corresponding unpurified waste waters of 2 million people). At 
present the load has been reduced to 1 500 tons/year and the load is going to be still 
reduced during the next few years. 
The agricultural loading of nutrients can be reduced by better control in the handling and 
use of animal manure, by decreasing and controlling the use of fertilizers as well as by the 
use of vegetation zones, other biofilters (e.g. wetlands) and by avoiding open set-aside 
areas. Additionally the use of pesticides should be reduced and less toxic pesticides should 
be adopted. The large lakes, especially Ladoga and Peipsi, are not cabable in retaining all 
the nitrogen inputs entering these lakes from agriculture. Thus water protection measures 
should be developed also in the lake-rich parts of the catchment of GOF. 
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According to Finnish estimates, the effective implementation of all the relevant protection 
measures would decrease the agricultural load in Finland by 30 to 40 % within 10 to 20 
next years. In the whole catchment of GOF this estimate would correspond decreases of 
ca. 5 000 t/year in the load of N and ca. 400 t/year in the load of P. 
Leaching processes of agricultural pesticides should be studied. At present very little is 
known about the behaviour of agricultural pesticides in ground and about their leaching to 
the water courses. 
The loading of heavy metals to GOF is significant and originates mainly from the St. 
Petersburg area. Construction of separate sewer systems for industrial waste waters, 
turning to new, energy and material saving industrial processes (the use of best available 
technology, BAT) and construction of local treatment plants for industrial waste waters 
would decrease the load considerably. Measures aimed at the reduction of atmospheric 
emissions of heavy metals and nitrogen compounds from industries and traffic should be 
implemented in all three countries, as well. 
Considerable amounts of oil compounds and phenols enter GOF especially from the St. 
Petersburg area and from the northeastern Estonia either in waste waters or in storm 
waters. The oil containing wastes can be purified by microbiological methods. The use of 
biosorbents can be used in purification of waters and land areas contaminated by oil. The 
phenol loading from oil-shale industry in the Kohtla-Järve region in Estonia will be 
considerably decreased by the year 1998 due to a new treatment system. 
The unification of the methodology used in pollution load monitoring (sampling, 
preserving of samples, chemical analyses) should be further on developed in Estonia, 
Finland and Russia. This can be made by education, better laboratory control and 
intercalibrations. The work is already going on under HELCOM, but further activities are 
needed between the countries around GOF. Intercalibrations should be also performed 
during joint and concurrent research cruises when effects of loading from the land are 
studied. The availability of reliable flux and concentration data is the essential basis e.g. 
for further experimental and modelling work. 
The future: will the decreasing trend in loading continue? 
The most recent phenomena observed in GOF (cyanobacterial blooms, oxygen depletion, 
alien species, changes in the composition of benthic fauna, bird kills) strongly point out 
that, despite the recent decrease in loading, the present level of loading still cause serious 
changes in the state and ecosystem structure of GOF. According to the present assessment 
it seems possible to further reduce the present annual nutrient loading at least by 20 000 
tons of nitrogen and by 2 500 tons of phosphorus. These amounts correspond reductions 
of 40 to 50 % for both nutrients in the present loading from the immediate catchment and 
would undouptedly improve the state of GOF. 
It is evident that the loading of both the nutrients and harmful substances to GOF have 
decreased in the 1990s. This is partly due to water protection measures, but also largely 
caused by structural changes and recession in the economies of Estonia and Russia. In 
addition the decreased precipitation in the 1990s has decreased agricultural leaching. 
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Nationally, in some of the sectors causing pollution load, the reduction target of 50 %, set 
by the Ministers of Environment of the countries around the Baltic Sea, reduction in waste 
loads between 1987 and 1995 have been reached and in most of the sectors smaller 
decreases have occurred. 
Due to the decreased loading and favourable hydrodynamical conditions, the general 
eutrophication development, which was very clear in the 1970s and 1980s, ceased in the 
1990s. Concentrations of most harmful substances in biota and sediments have clearly 
decreased. The development is, however, only partly due to actual water protection 
measures. Will this favourable trend continue in the future, depends in the first place on 
how the water protection legistlation and plans can be implemented under the 
circumstances of increased economic growth and competition. 
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ANNEX 1 
Recommendations of the Working Group on Loading 
Eutrophication is the most extensive problem of the Gulf of Finland and relatively much 
is known at present on the effects and behavior of nutrient loading in GOF. According to 
several field and experimental laboratory studies both nitrogen and phosphorus limit 
primary production both in open and coastal GOF. Thus trophic status of GOF is affected 
by anthropogenic nutrient loading, the main part of which originates from municipalities 
and agriculture from the catchment. 
Additionally alarming changes in the structure and functioning of the ecosystem have 
emerged in the 1990s (bird kills, invasion of new species, oxygen deficits, cyanobacterial 
blooms) which either clearly were results or were suspected to be connected with 
eutrophication. These phenomena emphasizes the importance of conduction the joint 
studies on the amounts of different pollutants to GOF as well as on the possible effects of 
different loading scenarios on the state of GOF. 
In addition to nutrients, the loading of oxygen consuming organic matter (BOD), heavy 
metals, petroleum hydrocarbons as well as some other harmful substances is prominent. 
The loading of BOD and most of the harmful substances to GOF have decreased since the 
late 1980s even more clearly than the loading of nutrients. The loading statistics of 
harmful substances includes many uncertainties. However, the decreased loading of heavy 
metals could have been verified as decreased concentartions in biota and in sediments. At 
present very little is known about the behaviour of agricultural pesticides in ground and 
about their leaching to watercourses. 
The unification of the methodology used in pollution load monitoring (sampling, 
preserving of samples, chemical analyses) should be further uniformed in Estonia, Finland 
and Russia. This can be made by education, better laboratory control and intercalibrations. 
Intercalibrations should also be performed during joint and concurrent research cruises 
when effects of loading from the land are monitored. The availability of reliable flow and 
concentration data is the essential basis e.g. for further experimental and modelling work. 
The research on the role of the large lakes in the catchment (Ladoga, Peipsi, Saimaa) in 
retaining and removing nutrients and harmful substances should be intensified. 
Automated sampling and analysis device should be introduced in monitoring the non-point 
sources and rivers in order to ensure better reliability of the flux estimates of nutrients and 
harmful substances. 
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National recommendations 
Estonia 
• Reduction of nitrogen from the Sillamäe Waste Deposit . Nitric acid and other nitrogen 
compounds are used in technological process by the enterprise Silmet. Changes in 
technological process and pre-treatment of waste water before discharging to the deposit 
should be done during 1997 - 1998. 
• Reduction of phenol loading from oil-shale industry(Kohtia-Jäzve). In the first stage of 
the project, the seepage water from the ash hills should be pumped after pre-treatment to 
the Kohtia-Järve Waste Water Treatment Plant (WWTP). The second stage is the 
reconstruction of the Kohtia-Järve WWTP, which is planned to be completed in 1998. 
• Further refuction of nitrogen loading from the Tallinn Waste Water Treatment Plant. 
Nitrogen removal should be completed in 2010. According to present conditions, treatment 
results are quite good. The reduction efficiency of BOD, is already between 90-95 %, 
phosphorus 80-85 % and nitrogen reduction 25 %. A pilot plant for the investigation of 
nitrogen reduction processess should be completed in the end of 1997. 
• Improvement of industrial and municipal waste water treatment in the Narva region. The 
treatment plant of Narva is old and needs reconstruction. The reconstruction works have 
been started and should be finished in 2000. The efficiency of pre-treatment of industrial 
waters before discharging them to the Narva WWTP is unsufficient. Main attention should 
be paid to the Narva Leather Industry. 
• Maintaining the present level of diffuse loading in future when the agricultural 
production probably increase. In the field cultivation and animal husbandry effective 
implementation of different relevant measures in fertilizers usage and handling and use of 
manure, as well as vegetation zones, proportion of green set-aside area etc. are needed. 
According to the Estonian legal acts and regulations these measures are possible to carry 
out. Also continuous control and good education is needed. 
Finland 
• Reduction of point-source nutrient load, especially the load of N from Helsinki and 
surrounding towns which is now about 3 700 t a:'. The present purification efficiency is 
27%. According to present conditions, the reduction efficiency should be 50 % by the end 
of 1997. HELCOM presumes the reduction efficiency of 70 to 80 % before the end of 
1998. The reduction efficiency of phosphorus is already between 90 to 95 %. Thus further 
reductions of P in municipal treatment plants are very difficult to reach. Phosphorus 
discharges from pulp and paper industry can be further decreased by more efficient control 
of the activated sluge method. 
• Reduction of P and N loading from field cultivation and animal husbandry. The 
effective implementation of all the relevant measures (decreased use of fertilizers, 
increased proportion of green set-aside area, vegetation zones, careful handling and use of 
manure) would decrease the agricultural load by 30 to 40 % within the next 10 to 20 years. 
The most recent results indicate that the loading of nitrogen to GOF has started to decrease 
i1 
during the first half of the 1990s. 
0 Better control of nutrient discharges from scattered dwellings. Overflow of waste waters 
from septik tanks of households is a prominent source of nutrients to watercourses in the 
Finnish countryside. Implementation of closed tanks would strongly decrease this load. 
0 Better control of the use and handling of heavy metals in households and small 
industrial enterprises connected to municipal sewage networks 
• Disturbing of contamined river and coastal water sediments which were exposed to 
loading of contamined by heavy metals (e.g. mercury) and harmful or toxic organic 
compounds especially in the 1960s and 1970s should be avoided. Extreme care and 
precautions should be obeyed in order to prevent the release of contaminants to water if 
e.g. dredgings are performed in these kind of areas. 
Russia 
• Development of legistlation concerning the use of water and waste water treatment 
• Reduction of nutrient loading from municipalities, especially from St. Petersburg. The 
sewage system of the city should be completed so that all waste waters can be handled (at 
the moment 30 % flows directly to GOF). In addition, the south-western treatment plant 
should be constructed. Chemical precipitation of P (or other efficient purification method) 
should be introduced. Moreover, nitrogen removal should be introduced before the year 
2010 (HELCOM recommendation 16/9, 1995). The voluminous use of water in St. 
Petersburg (mean 600 dm3/person and day) should be strongly reduced. 
• Reduction of industrial heavy metal discharges to water and atmosphere. In the St. 
Petersburg region several hundreds of industrial enterprices lead heavy metals either to the 
lower River Neva or to the atmosphere without any treatment. Both the treatment of liquid 
and gaseous wastes containing heavy metals and other harmful substances are needed. The 
highly toxic agricultural pesticides should be exchanged to less toxic ones and local 
storages for harmful and toxic wastes should be constructed. 
• Reduction of oil discharges. Considerable amounts of oil compounds enter GOF 
especially from the St. Petersburg area either in waste waters or in storm waters. The oil 
containing wastes can be treated by microbiological methods. Biosorbents can be used in 
purification of waters and land areas contaminated by oil. 
• Reduction of nutrient discharges from animal husbandry and field cultivation. The 
existing local purification stations at animal husbandry and poultry farms should be 
modernized and purification stations and manure storages should be constructed. The 
optimal use of fertilizers for different kinds of vegetation should be developed. 
• The role of the Lake Ladoga in retaining and removing nutrients and harmful substances 
should be studied. The lake is strongly loaded. The large volume and long residence time 
of it enables effective natural loss processes of the different anthropogenic substances 
entering the lake. However, due to clear P limitation, the lake is a prominent source of 
municipal and agricultural nitrogen for GOF. 
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Table 1. Phosphorus loading in 1995 from the immediate catchment of the Gulf of Finland 
by the different sources (t a'). 
Source 	 Estonia 	 Finland 	Russia 	 total 
ta' ta' ta ta' 
Municipalities 190 80 2440 2710 
Industry ') 110 `) 110 
Agriculture 130 330 480 940 
Scattered dwellings 40 70 9 120 
Background Z) 320 60 3020 3400 
Atmosphere 300 
Total 	 680 	 650 	 5950 	 7580 
') The industrial load is included in the municipal figures 
2) Natural leaching and inputs to the lake-rich parts of the catchment. The proportion of forestry is 
negligible. 
Table 2. Nitrogen loading in 1995 from the immediate catchment of the Gulf of Finland 
by the different sources (t a'). 
Source 	 Estonia 	Finland 	Russia 	 total 
ta' ta' ta t ad 
Municipalities 2700 5200 19700 27600 
Industry 1500') 700 ') 2200 
Agriculture2) 3300 4400 4500 12200 
Scattered dwellings 400 500 100 1000 
Background') 9300 6600 56600 72500 
Atmosphere 2300 
Total 	 17200 	 17400 	 80900 	 138500 
of e industrialload is includedm the municipal igures 
2) Natural leaching and inputs to the lake-rich parts of the catchment. The proportion of forestry is 
negligible. 
Table 3. Loading of phosphorus to the Gulf of Finland from the land and via atmosphere 
in the late 1980s, in 1992-94 and 1995. The Estonian and Russian values of the late 
1980s include several uncertainties due to missing data 
Country / source 	late 1980s 	 1992-94 	 1995 
ta' % tä' % 	 tat % 
Estonia 1000 10 710 8 680 	9 
Finland 8509 680 8 650 9 
Russia 8200 79 6800 80 5950 	78 
Atmospher 300 2 300 4 300 	4 
Total 	 10350 100 	8490 100 	 7580 100 
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Table 4. Loading of nitrogen to the Gulf of Finland from the land and via atmosphere in 
the late 1980s, in 1992-94 and 1995. The Estonian and Russian values of the late 1980s 
include several uncertainties due to missing data. 
Country/source late 1980s 1992-94 1995 
ta l % tal % tal 
Estonia 30000 15 17200 11 17200 12 
Finland 20700 10 18100 11 17400 13 
Russia 123000 61 94000 62 80900 58 
Atmosphere 27000 14 23000 15 23000 17 
Total 	 200700 	100 	152300 100 	138500 100 
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2.2 EXTERNAL LOAD ON RUSSIAN PART OF THE GULF OF 
FINLAND: SEASONAL DYNAMICS OF RIVERINE INPUTS 
AND ATMOSPHERIC DEPOSITION IN 1995 -1996 
S. Kondratyev, L. Yefremova, I. Sorokin, G. Alyabina, O. Chernykh 
Institute of Limnology, Russian Academy of Science, Sevastyanova 
str. 9, 196199 St.Petersburg, Russia 
Abstract 
The evaluation of different loading factors affecting the state of the Gulf of Finland 
(GOF) and possibilities to decrease the pollutant discharges are studied within the 
framework of the Estonian- Finnish - Russian project "The Gulf of Finland Year 
1996". Annual values of loading components for the Russian part of the GOF were 
shown by Kondratyev et al. (1996). This article presents the results of estimation of 
seasonal values of riverine inputs, spatial and temporal variability of atmospheric 
deposition on water surface of the GOF. The research has been conducted by the 
specialists of the Institute of Limnology RAS during 1995 - 1996. 
Introduction 
The Gulf of Finland is one of the most polluted basins of the Baltic Sea. Widescale 
economic activities in north-west regions of Russia and boundary states, developing 
without the reasonable scientific environmental management system has resulted in the 
deterioration of the ecological state of the GOF. Improvement of the ecological situation 
in so complex natural and economic system as the GOF demands co-ordinated action of 
the states, located in its catchment area. 
The state of the GOF and its development, the evaluation on of different loading factors 
and possibilities to decrease the discharges are studied within the Estonian - Finnish - 
Russianjoint project "The Gulf of Finland Year 96". Institute of Limnology RAS carried 
out research with the aim to define the main sources of pollution of the Russian part of 
the GOF and to evaluate the present external load on the GOF. 
The external load on water body represents the amount of the arriving substance per 
unit of water surface area. External load is the constantly working factor, determining 
water quality and influencing the chemical structure of water, sediments and biotic 
processes in water body. Basic components of the external loading are: 
-nutrients and pollutants wash off from drainage basin to water body by rivers and 
slopes discharges from coastal zone (diffuse pollution), which includes natural and 
anthropogenic components; 
-point source discharges of treated and untreated municipal, industrial and agricultural 
waters to the water body directly or via rivers network; 
-atmospheric deposition of chemical materials of natural and anthropogenic origin in 
dry and wet (connected with precipitation) conditions; 
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As it was shown (Kondratyev et al. 1996), the diffuse pollution of the Russian part of the 
GOF is negligible. Contribution of diffuse load from the coastal zone on the GOF is 0.6% 
of total phosphorus load and 0.8% of total nitrogen load. Investigation of spatial and 
temporal variability of point sources discharges is not a scientific task. Volumes and 
quality of municipal and industrial outflows depend on the activity of the enterprises. 
Information about point sources of pollution is collected by Committee of Environment 
and other controlling organisations. 
The aim of this research is the evaluation of the seasonal dynamics of riverine inputs in the 
GOF as well as the spatial and temporal variability of atmospheric load on water surface 
in 1995-1996. 
Case study catchment area 
The area of the Russian part of the GOF drainage basin is 304 000 km2, including lakes 
(48000 km2) and Lake Ladoga drainage basin (258 000 km2), which is the largest part of 
the GOF basin. The population of the territory under study is more than 7 million 
inhabitants. St. Petersburg - the biggest city of the GOF basin - has the population about 
4.2 million persons. Thousands of industrial, municipal and agricultural enterprises 
located in the case study area are the sources of water and atmospheric pollution. 
The GOF immediate catchment relief was formed under the influence of quarterial ice 
period and glacial waters' effect and is mainly of plain character. Separate heights 
insignificantly exceed the mark of 100 m. Forestry of the GOF immediate catchment area 
decreases in the direction from North to South from 65 to 40%. More than 30% of the 
territory of the region is covered by wetlands. The average area of cultivated territories is 
10-20%. All types of soil are presented in the region. Low-powerful heavy, somewhere 
sandy soil of North areas are changed to the South by soil of more light composition with 
inclusion of sands. 
Annual amount of precipitation varies from 552 to 727 mm, of them about 2/3 (66%) - is 
rain, 19% - is snow, 15% - are mixed precipitation. The period of snow cover laying is 
4-5 months. River network of northern area of the GOF immediate catchment area is 
presented by numerous tributaries of insignificant length: Seleznevka (catchment 
area - 623 km 2)  Gorohovka (731 km2). Main tributaries of southern area are Luga (13200 
km2), Sista (673 km2), Kovashi (612 km2). The drainage density changes from 
0.16-0.20 km km-2 to 0.70 km km -2 in Luga basin. These rivers mainly influence on the 
following parts of the GOF water area: 
Neva Bay - Neva river; 
Luga Bay - Luga river. 
Koporskaya Bay - Sista, Kovashi rivers 
Gulf of Vyborg - Seleznevka, Gorohovka rivers. 
Average annual discharge decreases from north to south from 10 to 8 1 sec' km-' 
Variation coefficient of annual discharge Cv also decreases insignificantly in meridian 
direction from 0.25-0.35 in the north to 0.20-0.30 in the southern part of the catchment 
area. 
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Method and materials 
For the investigated discharge sites (monitored basins) estimation of chemical substance 
wash off (W) was carried out according to the method of linear interpolation (Guidelines... 
1994): 
n 
W = Y C  aiW ai 
i =1 	 (1) 
where Caj - arithmetic mean concentration of two consequent samples; 
Wai - volume of runoff between two samples; n - number of measurements. 
Results of geochemical study of snow cover were used for evaluation of airborne 
pollution external load on the Russian part of the GOF. The calculation of the soluble 
substance deposition (Wsl) on the water area in a period from November to March is 
carried out according to the equation (Yefremova 1996): 
Wsl =SRFw,, 	 (2) 
where S - concentration of the soluble chemical element in snow melt 
water; R - total frozen precipitation; Fw - water area. The fall of 
soluble substance in summer months (Ws2) was described by the relation: 
Ws2 =kSrFw,, 	 (3) 
where r - total liquid precipitation; k - summer dilution coefficient. Atmospheric 
load for soluble nutrients can be calculated by summarising Wsl and Ws2. 
Metals are contained in atmospheric deposition in soluble and insoluble forms. Taking 
into account this fact, to calculate the load with insoluble metals (Win) the following 
approximate relation was used: 
Win = [ (1-d) / d ] (Wsl + Ws2 ), 	 (4) 
where d - shares of the soluble forms of substance in total atmospheric deposition. The d 
value increases with the distance from pollution source (Yefremova 1996). Total 
atmospheric deposition of metals was calculated as a sum of Ws 1 , Ws2 and Win. 
The following initial data were used for evaluation of external load on the GOF: 
-Results of the measurements of chemical substances and water discharges in main 
tributaries of the GOF made during 1994 - 1995 by scientists of the Institute of Limnology; 
-Results of chemical analysis of snow on the catchment and ice covered surface of the 
GOF made by scientists of the Geophysical Observatory and the Institute of Limnology; 
-Monthly precipitation depths on the following stations: St.Petersburg, Lisiy Nos, 
Vyborg. 
Calculated seasonal and annual values of runoff, nutrient, oil, phenols and metals inputs 
in the GOF by the main tributaries are presented in Tables 1-12. Calculated seasonal and 
annual values of nutrient and metals atmospheric deposition on the GOF water surface are 
presented in Tables 13. Seasonal variability of runoff, total and inorganic dissolved 
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phosphorus riverine inputs in the GOF are shown on Fig. 1. Spatial distribution of lead 
atmospheric load is shown on Fig. 2. 
Conclusions 
The following conclusion can be drawn using the results of loading factors calculation: 
-Basic source of nitrogen, oil, phenols and metals for the GOF is riverine inputs. 
-Basic source of phosphorus for the GOF is point municipal and industrial discharges 
(as it was shown by Kondratyev et al. 1996). 
-Main part of riverine substances input in the GOF is Neva outflow. Other tributaries can 
influence only on state of local sub-basins of the GOF (Gulf of Vyborg, Luga and 
Koporskaya bays). 
-Neva bay is the most loaded sub-basin of the GOF. 
-Variation of seasonal water and substance inputs in the GOF is not high and depends on 
Neva runoff, that means - outflow from Lake Ladoga. It is also necessary to note the 
high level of autumn wash off of nutrients. 
-Comparison between current results and results of loading factors evaluation for 
1992-1994 has not exposed significant temporal trends in inputs change. 
-Atmospheric deposition is the essential part of nitrogen and metals external load 
especially for local sub-basins of the GOF. 
-Values of phosphorus atmospheric deposition are negligible. Annual total phosphorus 
atmospheric load on the GOF is 3.4% of riverine input. 
-Seasonal dynamics of atmospheric deposition depends on temporal variability of 
precipitation. So the autumn atmospheric load on the GOF is about 30% for all 
substances. 
-Results of the present research allow to estimate only the external inputs of nutrients 
and pollutants from the outside (drainage basin and atmosphere) to the GOF. The external 
load cannot characterise hydrochemical regime of the case study water body. Water 
quality depends on not only on substance inputs from the catchment and atmosphere, 
but also substances biochemical transformation and mass exchange with the neighbouring 
volumes and sediments (internal load). 
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Table 1. Runoff of the Gulf of Finland tributaries (x106 m') 
River 	 Winter 	 Spring 	 Summer 	 Autumn 	 Year 
Neva 12160 21060 23760 20760 77740 
Luga 281 1300 343 392 2316 
Sista 34.5 78.3 31.6 35.1 179.5 
Kovashi 11.0 48.6 12.6 14.5 86.7 
Seleznevka 15.0 57.8 4.4 20.4 97.6 
Gorohovka 52.6 86.5 15.8 42.2 197.1 
Total 12554.1 22631.2 24167.4 21264.2 80616.9 
Table 2. Total phosphorus inputs in the Gulf of Finland (t) 
River Winter Spring Summer Autumn Year 
Neva 309.3 785.6 391.1 602.9 2088.9 
Luga 9.84 41.60 17.15 10.58 79.17 
Sista 1.14 3.44 0.95 0.60 6.13 
Kovashi 0.77 2.48 1.13 1.52 5.90 
Seleznevka 0.45 2.14 0.32 1.73 4.64 
Gorohovka 2.63 6.06 1.30 2.57 12.56 
Total 324.1 841.3 412.0 620.0 2197.4 
Table 3. Inorganic dissolved phosphorus inputs in the Gulf of Finland (t) 
River Winter Spring Summer Autumn Year 
Neva 120.3 139.0 120.5 219.9 599.7 
Luga 5.62 7.80 6.17 6.27 25.86 
Sista 0.48 0.55 0.35 0.21 1.59 
Kovashi 0.46 0.78 0.65 0.15 2.04 
Seleznevka 0.20 0.35 0.01 0.61 1.17 
Gorohovka 1.21 1.82 0.36 1.56 4.95 
Total 128.27 150.30 128.04 228.70 635.31 
Table 4. Total nitrogen inputs in the Gulf of Finland (t) 
River Winter Spring Summer Autumn Year 
Neva 7346.4 13055.1 12782.9 12153.1 45337.5 
Luga 539.5 1625.0 377.3 458.6 3000.4 
Sista 92.5 231.0 82.2 109.2 514.9 
Kovashi 34.3 89.9 22.7 39.0 185.9 
Seleznevka 19.2 101.2 6.6 22.2 149.2 
Gorohovka 60.0 82.2 13.4 38.4 194.0 
Total 	 8091.9 	 15184.4 	 13285.1 	 12820.5 	 49381.9 
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Table 5. Oil inputs in the Gulf of Finland (t) 
River 	 Winter 	 Spring 	 Summer 	 Autumn 	 Year 
Neva 523.69 3232.57 1796.83 1605.76 7158.85 
Luga 5.62 62.4 211.29 23.91 303.22 
Sista 2.04 4.46 2.35 2.11 10.96 
Kovashi 0.85 3.2 3.44 0.89 8.38 
Seleznevka 0.84 3.99 0.69 0.84 6.36 
Gorohovka 3.58 4.76 0.26 1.27 12.25 
Total 536.62 3311.39 2017.21 634.78 7500.02 
Table 6. Phenols inputs in the Gulf of Finland (t) 
River Winter Spring Summer Autumn Year 
Neva 19.21 118.83 65.14 22.42 225.59 
Luga 0.14 13.00 0.20 0.48 13.82 
Sista 0.02 0 0.11 0.18 0.31 
Kovashi 0.01 0.52 0.12 0.01 0.67 
Seleznevka 0.16 0.60 0.03 0.07 0.86 
Gorohovka 0.25 0.62 0.10 0.02 0.99 
Total 19.79 133.58 65.70 23.18 242.24 
Table 7. Copper inputs in the Gulf of Finland (kg) 
River Winter Spring Summer Autumn Year 
Neva 21888 12454 83160 105876 335178 
Luga 422 8450 1784 2822 13478 
Sista 21 243 234 1474 1972 
Kovashi 48 434 28 139 649 
Seleznevka 96 266 10 122 494 
Gorohovka 37 268 131 169 605 
Total 22512 133915 85347 110602 352376 
Table 8. Chromium inputs in the Gulf of Finland (kg) 
River Winter Spring Summer Autumn Year 
Neva 12160 8424 7128 24912 52624 
Luga 112 260 343 235 950 
Sista 48 16 41 18 123 
Kovashi 20 39 13 9 81 
Seleznevka 15 23 3 49 90 
Gorohovka 37 43 16 51 147 
Total 12392 8805 7544 25274 54015 
Table 9. Lead inputs in the Gulf of Finland (kg) 
River 	 Winter Spring Summer Autumn Year 
Neva 	 . 	7296 56862 7128 14532 85818 
Luga 84 520 2367 196 3167 
Sista 	 24 31 183 18 256 
Kovashi 3 5 32 12 52 
Seleznevka 	15 17 1 10 43 
Gorohovka 37 9 2 30 78 
Total 	 74 57444 9713 14798 89414 
Table 10. Iron inputs in the Gulf of Finland (t) 
River 	 Winter Spring Summer Autumn Year 
Neva 	 3476 7841 2635 2215 16167 
Luga 88 199 67 56 410 
Sista 	 10 22.3 7.6 6.3 46 
Kovashi 20 45 15.5 12.5 93 
Seleznevka 	8 18 6 5 37 
Gorohovka 17 40 13 11 81 
Total 	 3619 8165.9 2744 2305.8 16834 
Table 11. Aluminium inputs in the Gulf of Finland (t) 
River 	 Winter Spring Summer Autumn Year 
Neva 	 656 2847 608 714 4825 
Luga 5.8 25.4 5.4 6.4 43 
Sista 	 4.5 19.5 4 5 33 
Kovashi 1.4 5.8 1.3 1.5 10 
Seleznevka 	0.6 2.6 0.6 0.7 4 
Gorohovka 1.9 8.5 1.8 2.1 14 
Total 	 670.2 2908.8 621.1 729.7 4929 
Table 12. Manganese inputs in the Gulf of Finland (t) 
River 	 Winter Spring Summer Autumn Year 
Neva 	 149.3 300.5 70.6 145.9 666.4 
Luga 5.6 11.3 2.7 5.4 25 
Sista 	 2.5 4.9 1.2 2.4 11 
Kovashi 2.4 4.8 1.2 2.3 11 
Seleznevka 	0.4 0.8 0.2 0.4 1.8 
Gorohovka 2.2 4.2 1.0 2.0 9.4 
Total 	 163 327.9 78.4 159 728 
Table 13. Atmospheric deposition on the Gulf of Finland water surface ( t) 
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Element Winter Spring Summer Autumn Year 
P total 14.7 21.0 17.0 22.3 75 
N total 1255 1793 1447 1909 6404 
Fe 15.9 22.7 18.3 24.1 81.0 
Cu 2.5 3.6 2.9 4.0 13.0 
Pb 6.3 9.0 7.2 9.5 32 
Ni 2 2.7 2.3 3.0 10 
Mg 3.5 5.0 4.1 5.4 18 
Co 1.12 1.6 1.28 1.7 5.7 
Cr 1.04 1.48 1.20 1.58 5.3 
V 6.9 9.8 7.9 10.4 35 
Cd 0.6 0.8 0.7 0.9 3 
Zn 14.5 20.7 16.7 22.1 74 
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Fig. 1. Seasonal water inflow (a), total phosphorus (b) and inorganic dissolved phosphorus (c) inputs 
in the GOF. 
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Fig. 2. Spatial distribution of lead annual atmospheric load (mg m-2) on water surface of the GOF. 
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3.1 EUTROPHICATION AND ITS EFFECTS IN THE GULF OF 
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Abstract 
The easternmost part of the Gulf of Finland can be considered as a large estuary into 
which the river Neva, Kymijoki, Narva and several smaller rivers are emptying fresh 
water. The Gulf of Finland has been evaluated to be one of the most loaded areas within 
the Baltic Sea. In winter and spring the nutrient-rich waters of the River Neva spread 
effectively towards west below the ice. The most recent results show that these waters 
reach the westernmost parts of the Gulf along the Finnish coast. In summer, due to the 
estuarine hydrodynamics, the strong eutrophying effects of the nutrient loading to the 
Neva Bay are largely restricted to the actual estuary. Only under certain flow and 
mixing conditions cyanobacterial blooms can reach the easternmost Finnish ar-
chipelago. 
The increasing concentrations of N- and P compounds, phytoplankton biomass, and 
primary and secondary productivity from the western waters towards the eastern end 
(the Neva Estuary) are very typical features for the whole open Gulf of Finland. The 
whole Finnish coastal area in the Gulf of Finland is at least slightly eutrophied due to 
local nutrient inputs from municipalities, agriculture and industry. The chlorophyll a 
concentrations in the coastal waters range usually between 4 and 10 mg m 3 while in the 
open waters they are below 4 mg m 3. High chlorophyll-a concentrations (> 10 mg m 3 ) 
are regularly measured also in the inner bay areas off Helsinki, Porvoo and Vyborg. In 
the more open and deep Estonian coast chlorophyll a concentrations vary around 5 mg 
m 3 in summer but in shallow bays the concentrations may be higher. 
Before the Gulf of Finland Year 1996, the phosphorus seemed to be almost balanced. 
Substantial amounts of P were permanently retained in sediments especially in the 
eastern Gulf. In 1996, due to the warm and calm late summer exceptionally strong 
density stratification developed. As a result, oxygen concentrations from 0 to 3 mg dm 3 
were measured in extensive areas of the eastern Gulf. The concentrations were lowered 
also in the western Gulf, but total anoxia was not detected there. Due to the anoxic 
conditions in the sediment-water interface, large amounts of phosphorus were released 
from the sediment to the water. In late autumn 1996, exceptionally high phosphate 
phosphorus concentrations (ca. 1 mmol, typical for the winter season) were measured 
already in late October. 
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The nutrient ratios in the euphotic layer and the nutrient limitation studies suggest that 
nitrogen is the primary limiting nutrient in most regions in the Gulf of Finland. 
However, also phosphorus increases the primary production, especially in the Neva 
Estuary. Consequently, the decrease in both phosphorus and nitrogen input is needed to 
counteract the eutrophication. The results of the nutrient reduction will be most marked 
in the enclosed basins and archipelago and coastal waters compared to the effects in the 
open Baltic Sea. In case no measures to reduce nutrient inputs are taken the present 
degree of eutrophication will most probably not stay. The expected increase in economic 
activities in Russia and in Estonia would increase the nutrient inputs to the Gulf of 
Finland if no reduction measures were taken at the same time. 
Introduction 
The aim of the present paper is to compile the information on the level of eutrophication 
in the Gulf of Finland based on the research projects carried out during the Gulf of 
Finland Year in 1996 and other available sources, and to recommend measures needed 
to improve the present state. The authors consist of scientist from several research 
institutes in Finland and Russia. 
The studies on eutrophication, nutrient cycling and algal blooms were strongly 
emphasised during the Gulf of Finland Year and several intensive research projects were 
carried out by various research institutes in Estonia, Finland and Russia. 
Reasons for the eutrophication of the eastern Gulf of Finland and factors controlling it 
were studied in a Finnish-Russian joint project co-ordinated by the Finnish Environment 
Institute. The other institutes involved were the State Hydrological Institute and the 
Limnological Institute from St. Petersburg and Finnish Institute of Marine Research. 
The recent results of the project are presented in the publications and manuscripts by 
Kauppila et. al. 1995, Pitkänen and Tamminen 1995, Lehtoranta et al. 1996, Gran 1996, 
Basova 1996, Basova et al, 1996 and Pitkänen et al. 1997. 
Nutrient transport and bioavailability of the nutrient flux from the River Neva and from 
the waste water treatment plants in St. Petersburg have been studied in a joint project 
between the Finnish Environment Institute, the Southeast Finland Regional 
Environment Centre and Vodokanal, St. Petersburg (Haimi et al. 1997). 
Results of high-frequency sampling of phytoplankton and related parameters on 
passenger ships (c.f. Leppänen et al. 1994a, Leppänen et al. 1995, Rantajärvi et al-
1997) by the Alg@line Project (Finnish Institute of Marine Research, Krylov Ship 
Research Building Institute, NW Department on Hydrometeorology and Environmental 
Monitoring, South-East Regional Environment Centre in Finland) were constantly 
presented on a specific Web Site (http://www.fimr.fi). 
The Finnish Institute of Marine Research has performed studies of benthic processes of 
nitrogen and carbon in the Gulf of Finland. Nitrogen dynamics during early diagenesis 
has been approached by various ways by measuring microbial activity, profiles and 
fluxes of nutrients, benthic oxygen uptake and macrofaunal and meiofaunal abundance. 
(Heinänen et al., manuscript, Karjala & Haahti, manuscript, Mäkelä, manuscript). 
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Inputs of nutrients and organic matter into the Gulf of Finland 
Several large rivers discharge their water into the Baltic Sea, the largest being the River 
Neva with a mean annual flow of 2 500 m3/s. This corresponds to 75 % of the total river 
inflow into the Gulf of Finland and about 20 % of the total riverine inflow into the 
whole Baltic Sea (Ehlin 1981, Bergström and Carlsson 1993). 
The Gulf of Finland, and especially easternmost part of it, can be considered as a large 
estuary (Pitkänen et al. 1993). The catchment area of the Gulf of Finland is about 14 
times larger than its surface area (Table 1). The Gulf of Finland has been evaluated as 
one of the most loaded areas within the Baltic Sea (Helcom 1993, Pitkänen et al. 1997). 
The largest loads of nutrients and organic matter are discharged from the River Neva 
and from St. Petersburg, a city with surroundings of ca. 4.5 million inhabitants. 
The vulnerability of the Gulf of Finland to the external impacts is defined already by its 
geographical characteristics compared to the Baltic Sea as a whole (Table 1). 
Table 1. General characteristics of the Gulf of Finland compared to the whole Baltic Sea 
Gulf of Finland Baltic Sea 	% 
Area (lan,) 29600 370000 8 
Volume (km,) 1100 21600 5 
Drainage area (km2) 413300 1733000 24 
River run off (km3a') 112 4830 23 
Population 12.6 milj. 84.9 milj. 15 
Population density 
-persons km-2 (land) 	 30 	 49 
-persons km-2 (sea) 428 205 
Input from land 
-Nitrogen (ta-') 	 160000 	1000000 	16 
-Phosphorus (ta-,) 9000 60000 15 
About 70 %, 20 % and 10 % of the inputs of nutrients from land derives from Russia, 
Estonia and Finland, respectively. A detailed description on the nutrient inputs to the 
Gulf of Finland is presented by Pitkänen et al. 1997). 
Spatio-temporal variation in eutrophication and the role of relevant processes 
Nutrient conditions and trophic status of the Gulf of Finland are a complex function of 
numerous external and internal factors, which was emphasized during the Gulf of 
Finland Year 1996. Although the anthropogenic impact on the state of the Gulf is very 
strong, probably the most important factor during the recent years has been the decrease 
in the deep-water salinity, which has caused an intensification of the vertical exchange 
between surface and bottom water layers in the Gulf. During the study year in 1996 a turn 
in this development was observed. 
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Regional distributions of nutrients and phytoplankton 
The state of the Gulf of Finland 
The increasing concentrations of N and P compounds (Fig. 1), phytoplankton biomass 
(Figs. 2 and 3) from the western waters towards the eastern part (the Neva Estuary) are 
very typical features in the whole Gulf of Finland (e.g. Pitkänen 1991, Pitkänen et 
al.1993, Leppänen et al. 1994a, 1994b, Kauppila et al. 1995, Perttilä et al. 1995, Pitkänen 
and Tamminen 1995, HELCOM, 1997, Basova 1996, Basova et al. 1996, Gran and 
Hällfors, in prep., Sphaer & Savchuk 1997). 
The west east directed increase in nutrient concentrations is most pronounced during 
summer. In winter, the release of nutrients from dead organic matter and the succeeding 
enrichment of nutrients in the water mass decrease the spatial differences. However, also 
in winter, nutrient concentrations are higher in the east than in the west (c.f. Leppänen et 
al. 1994a). 
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Fig. 1. Concentrations of total nitrogen (mmol m-3) in the surface water (ca. 5 m) in the 
Gulf of Finland during period May-October in 1995. The samples are collected 
unattended on board the passenger ferry 'Konstantin Simonov' (unpubl. data of the 
Finnish Institute of Marine Research). 
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Fig. 2. Variability in the chlorophyll a concentrations in the surface layer of the Gulf of 
Finland in the Neva Estuary in 30 August 1995 are recorded on the ferry Konstantin 
Simonov (Unpubl. Data of the Finnish Institute of Marine Research). 
Fig. 3. Mean concentrations of chlorophyll a (mg m-3) in the euphotic layer in August 
1990-1992 (Kauppila et al. 1995). 
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It is evident that in the Neva Estuary the average concentration of phytoplankton algae is 
about 2 to 5 times to that of the open eastern Gulf of Finland (Figs. 2 and 3). In the 
shallow (average depth ca. 3 m) and fresh-water. (salinity less than 0.1 ppm) Neva Bay, 
the phytoplankton community consists of species from the Ladoga Lake, brought by the 
River Neva. It is also less productive than the actual estuary, due to the low water 
transparency. 
The high plankton biomass and productivity of the Neva Estuary are caused by the 
voluminous nutrient loading from the River Neva and the St. Petersburg area as well as 
by the estuarine hydrodynamics (Pitkänen 1991, Pitkänen et al. 1993, Leppänen et al. 
1994a, Kauppila et al. 1995, Pitkänen & Tamminen 1995, Basova et al. 1996). However, 
in summer the strong eutrophying effects of the nutrient loading from the River Neva are 
largely restricted to the easternmost Gulf of Finland. Cyanobacterial blooms can reach the 
more western waters and the easternmost Finnish archipelago only if flow and mixing 
conditions are favourable (Kauppila et al. 1995). In winter and spring the nutrient-rich 
waters of the River Neva spread effectively towards west under the ice (Pitkänen et al. 
1990). The most recent results show that these waters reach the most western parts of the 
Gulf along the northern (Finnish) coast of the Gulf (Leppänen et al. 1994a, 1994b, 1994c, 
Project PELAG 1995). This is also shown by the model simulations (Koponen et al. 
199X). 
The whole Finnish coastal water area of the Gulf of Finland is at least slightly eutrophied 
due to local nutrient inputs from municipalities, agriculture and industry. The coastal 
water concentrations are usually between 4 and 10 mg m 3 of chlorophyll-a, while the 
open water concentrations are below 4 mg m 3 (Pitkänen 1994). In addition to the Neva 
Estuary, high chlorophyll-a concentrations (> 10 mg m 3) have been regularly measured in 
the inner bay areas off Helsinki, Porvoo and Vyborg (Kauppila et al., in prep.). In the 
more open and deep Estonian coast chlorophyll a concentrations vary roughly from 1 to 5 
mg m 3 in summer; in shallow bays the concentrations may be higher in case of a 
sufficient nutrient supply (Jaanus & Liiva 1996). 
Pitkänen & Tamminen (1995) suggest effective loss of N and P from the euphotic layer. 
Pitkänen (1994) has estimated a filtering effect corresponding to 40 % of the land-based 
inputs of N and P to the Neva estuary. However, the retention capacity of this area greatly 
varies between different seasons. For example, the nitrogen budgets derived from 
simulation model imply that 70 to 100% of the nitrogen load from St. Petersburg area can 
be retained here in August, but only 4 % to 14 % in November (Savchuk et al. 1997). For 
the whole eastern Gulf of Finland the budget calculations suggest a 70 % and a 100 % 
loss of the N and P inputs, respectively (Pitkänen 1991). The losses are explained by 
sedimentation and (all for P and some for N) and by denitrification (most for N). 
According to Pitkänen & Tamminen (1995) the filtering effect is small or even negligible 
in the shallow areas inside the flood protection barrier (the Neva Bay). 
Temporal trends in nutrients and phytoplankton 
The eutrophication of the Gulf of Finland whic has been indicated both as increased 
concentrations of N compounds (Fig. 4) and phytoplankton biomass in the 1970s and the 
1980s, ceased in the mid 1980s (western Gulf of Finland) or at latest in the early 1990s 
(Grönlund and Leppänen 1990, Pitkänen 1991, HELCOM 1997, Kauppila et al., in 
prep.). 
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Fig. 4. Long-term variation in the nitrate nitrogen and phosphate phosphorus 
concentration (mmol m-3) in the near-bottom water of the Gulf of Finland (unpubl. Data 
of the Finnish Institute of Marine Research). 
In the coastal waters some clear temporal changes have been evident. In the Neva Bay 
and in the inner Neva Estuary an increasing tendency was observed in N concentrations 
from the mid 1980s on (Shpaer and Savchuk, 1997). This trend was at least partly 
connected to the corresponding increase in the open sea area, but because N concentra-
tions increased also in the Neva Bay, it is possible that the transport of N from the River 
Neva drainage basin has increased during this period e.g. due to increased agricultural 
efficiency. No clear trends in the P concentration in the Neva Bay or in the inner estuary 
have been observed. 
In the winter of 1994, a small amount of saline water from the Baltic Sea Proper reached 
the Gulf of Finland , affecting the vertical stratification of water in the region. That 
resulted in decreased oxygen concentrations in the deep areas of the whole Gulf. In sum-
mer the near-bottom salinities decreased again and oxygen concentrations increased to 
the previous levels. 
In the autumn of 1995 the vertical mixing was incomplete in the eastern Gulf, and the 
wintertime oxygen levels were again lower than normally. In 1996, due to the warm and 
calm late summer, exceptionally strong density stratification developed. As a result, 
oxygen concentrations from 0 to 3 mg dm-3 were measured in extensive areas of the 
eastern Gulf (Pitkänen and Välipakka 1997). The concentrations were lowered also in the 
western Gulf, but total anoxia was not detected there. This deficiency was a local 
phenomena in the eastern Gulf of Finland and was not clearly connected to saline water 
pulses from the North Sea through the Baltic Sea Proper. 
Due to the anoxic conditions in the sediment-water interface, large amounts of 
phosphorus were released from the sediment to the water. Exceptionally high phosphate 
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phosphorus concentrations (ca. 1 mmol, typical for the winter season) were measured 
already in late October 1996. 
The total phytoplankton biomass did not reveal distinct long-term trends in the open Gulf 
of Finland (HELCOM 1997). The summer concentrations of chlorophyll a revealed no 
trends in the region inside the flood barrier in the Neva Bay either , but in the Estuary off 
the barrier and in the easternmost Gulf of Finland, an increasing trend has been observed. 
Autumn values of chlorophyll a showed increasing trends in all these areas (Basova et al. 
1996). 
One of the most important features in the phytoplankton species composition is the inc-
reasing dominance of blue-green algae, which predominate almost in the whole eastern 
Gulf of Finland at present (Fig. 5). Most of these changes were related to Oscillatoria 
spp. The situation is different in the Neva Bay in the area inside the flood protection 
barrier. There the indication of ecosystem change is the massive increase in crypto-
monads, observed since the middle of 1980's. 
In the Neva Estuary, a pronounced decrease in bacteria (biomass, production and 
contribution of saprophytic microflora, has been observed. This is possibly a response to 
improved sewage treatment in the St. Petersburg since the beginning of 1980's, seeing in 
the 30-70 % decrease in BOD5 in the Neva Bay (Silina et al. 1997, Shpaer and Savchuk 
1997, HELCOM 1997). 
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Fig. 5. Changes in the contribution of cyanobacteria in the total phytoplankton biomass 
in the Neva Estuary in 1981-1991 (Basova & Lange, in prep.). 
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In zooplankton there was no trend in the Neva Bay, but in accordance with the general 
eutrophication, the biomass was increasing in the eastern Gulf of Finland (Fig. 6). 
Fig. 6. Changes in the zooplankton biomass in the Easternmost Gulf of Finland (Silina 
et al., in prep.). 
In the open the Gulf of Finland , the increase in the biological activity towards east is also 
evident in the benthos (Fig. 7). 
Fig. 7. Mean annual benthic oxygen uptake rates in the Gulf of Finland. The figure is 
based on the unpublished data of Ms Leena Karjala (the Finnish Institute of Marine 
Research). 
In the Finnish coastal regions no general trends have been observed in the period 1979-
1993 (Kauppila at al. in prep.). In the coastal waters off Helsinki, however, a clear 
decrease in nutrient and chlorophyll concentrations took place in the late 1980s mostly 
due to the conduction of the purified waste waters from the Helsinki-region to the edge of 
the open sea (c.f. Pesonen et al. 1995, see also Fig. 11). 
The intensified waste water treatment in the Tallinn Region has decreased the state of 
trophy in the Tallinn Bay. 
Internal processes affecting the observed spatio-temporal variations 
The general hydrodynamic and morphological conditions 
The Gulf of Finland is hydrodynamically characterized by a two layer current system, 
with a mean low-saline, surface flow from the Neva Estuary towards west and a 
compensating deep, saline and phosphorus-rich flow - originating from the Baltic proper 
- towards east. Especially in the Neva Estuary these two layers are effectively mixing, 
causing a net transport of deep-water phosphorus to the euphotic layer (Pitkänen et al. 
1993). In the central and western Gulf the density stratification is more stable, and the 
deep-water phosphorus can reach the surface layer via turbulent diffusion or via 
upwelling. 
This general pattern is not valid for the archipelago and for the coastal waters, where 
local morphology largely controls hydrographical conditions. It is evident that the coastal 
regions with numerous semi-enclosed basins favour removal and retention of land-based 
nutrients especially in the morphologically complex archipelago in the coast of Finland 
and in the Neva Estuary. The totally open southern coastal waters of Estonia do not have 
a similar effect on the inputs. 
Interactions between particulate and soluble fractions 
A large part (probably about 50 %) of the land-based phosphorus enters the Gulf as 
adsorbed in particulate inorganic matter and is not immediately available in biological 
processes. An increase has been observed both in absolute concentrations of dissolved 
phosphate and in the proportion of phosphate-P to total P from the River Neva mouth 
towards the Estuary (Shpaer and Savchuk 1997, Savchuk et al. 1977). 
Desorption of phosphate-ions from particulate matter takes place during the mixing of 
river and saline water in the inner Estuary. The intensity of mineralization of auto- and 
allochtonous organic matter probably increases in the inner estuary compared to those in 
the barrier basin and in the River Neva due to the more favorable physical conditions. 
Also circumstances for the sedimentation of allochthonous matter are more favorable 
outside the barrier than inside it. Enhanced vertical mixing of the water has increased the 
oxygen concentrations in the near-bottom water and resulted in a decrease in the PO4 
concentration. 
Pelagic food web dynamics 
Most of the large wintertime nutrient reserves of the Gulf of Finland are effectively 
sedimented during the vernal bloom (e.g. Leppänen 1988, Lignell et al. 1993, Heiskanen 
& Leppänen 1995, PELAG 1995). The springtime mass production of plankton algae is 
based on new organic production, while in summer the plankton production is mainly 
based on nutrient regeneration in the microbial food web of the mixed surface layer and 
the intensity of sedimentation from the euphotic layer is quite small in the open Gulf 
waters. 
The coastal waters receive continuously nutrient inputs from the land, which means that 
both the new organic production and the subsequent sedimentation are intensive 
processes during the whole productive season. There the contribution of alloctonous 
organic matter to the overall trophodynamic interactions is large. For example, in the 
Eastern the Gulf of Finland and in the Neva Bay, heterotrophic biomass is always higher 
than that of primary producers (Vinberg et al. 1988, Shishkin et al. 1989, Silina et al. 
1997). There the decomposition of organic matter 4-5 times higher than the primary 
production (Silina et al. 1997). Estimates of the trophic balance show that food intake by 
zooplankton is 1.3-2.2 times higher than primary production. The contribution of 
autochthonous organic production is thus only 45-75 % of the food intake the rest being 
contributed by the allochtonous production (Silina et al. 1997). 
Coastal waters and especially estuaries seem to be very effective in retaining nutrients via 
sedimentation and subsequent processes, e.g. denitrification (Pitkänen 1994). Estuarine 
waters also strongly control the nutrient availability of the open waters via the removal 
processes and by lowering the originally high inorganic N:P-ratios in river waters so that 
in the open waters N is the most probable limiting nutrient in summer both in the western 
and in the eastern Gulf of Finland (Fig. 8, Table 2, cf. Kivi et al. 1993, Leppänen et al. 
1994a, Project PELAG 1995, Pitkänen and Tamminen 1995). 
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Fig. 8. Variation in the dissolved inorganic N: P ratio (molar) in the surface layer of the 
Gulf of Finland in 1995 in samples collected unattended on board the ferry 'Konstantin 
Simonov' (unpubl. data of the Finnsh Institute of Marine Research) 
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Table 2. The annual budgets for TP and TN in the eastern Gulf of Finland (13 000 km2). 
The annual losses by sedimentation and denitrification have been calculated as residuals 
from the input and output terms. It is assumed that the fixation of atmospheric N2 is 
negligible relative to other nutrient fluxes in the water area (c.f. Pitkänen 1991). 
Variable 	 TP flux, t a 1 TN flux, t a 
Inputs 	 land-based 7 200 
atmospheric 200 
total 7 400 
western Gulf 12 000 
Total inputs 19 400 
Total output: western Gulf 12 000 
Accumulation in water 0 
------------------------------------------------------------------ 
Net export from the western Gulf 	0 
------------------------------------------------------------------ 
Losses 	 net sedimentation 7 400 
denitrification 	-  
130 000 
10 000 
140 000 
140 000 
280 000 
180 000 
4 000 
1 111 
----------------------------------- 
96 000 	(27 000)') 
(69 000)') 
1) The residual (96000 t a') has been divided into two parts according to the results on 
net sedimentation of N in the river Kymijoki estuary (Pitkänen 1994). 
Sediment-water interactions 
Before the the Gulf of Finland Year, the phosphorus budget of the Gulf of Finland seemed to 
be quite close to balance (Pitkänen 1991, Perttilä et al. 1995). Substantial amounts of P were 
permanently retained by sediments especially in the eastern Gulf. The oxygen conditions of 
the Gulf of Finland had been good during the previous 10 to 15 years, due to the lack of 
major saline water inflows from the Baltic proper, which has been reflected also as a 
decrease of deep-water P concentrations both in the western (Perttilä et al. 1995) and in the 
eastern Gulf (Pitkänen 1991, Shpaer and Savchuk 1997, HELCOM 1977.). 
During the the Gulf of Finland Year the situation changed, at least temporarily, mostly due 
to special weather conditions. The near bottom oxygen concentartions decreased resulting in 
the mobilisation of sediment bound phosphorus. The phosphorus concentrations increased in 
the whole region. A possible new major saline water inflow would lead to an more profound 
unbalance, and the eastern Gulf would not be able to bind all the extra phosphorus in its 
sediments, especially if oxygen conditions will probably weaken concurrently. 
Denitrification and N2-fixation 
In addition to benthic sedimentation, denitrification is an important balancing factor in the 
nutrient budget of the Gulf of Finland. In contrast to the balance of P (inputs outputs), there 
seems to be a net annual transport of N both from the eastern Gulf to the western Gulf 
(Pitkänen 1991) and from the western Gulf to the Baltic Proper (Perttilä et al. 1995). Thus 
despite denitrification seems to be an effective removal process in the Gulf (according to 
existing budgets), atmospheric and land-based inputs are so large, that the 'extra N is 
transported from the Gulf of Finland. The transport of surplus N is crusial for the 
eutrophication in the western Gulf of Finland and in the Baltic Proper, because N has been 
found to be the primary limiting nutrients in both areas (Kivi et al. 1993, Project PELAG 
1995, Pitkänen and Tamminen 1995). 
At the stations sampled in the Gulf of Finland nitrate flux was directed towards sediment 
(Karjala & Haahti, manuscript), showing denitrification activity and moderate coupling with 
nitrification (Mäkelä, manuscript, Heinänen et al., manuscript). When compared to fluxes 
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of nitrate denitrification rate was low, indicating other sinks of nitrate as incorporation into 
biomass and reduction to ammonia (Karjala & Haahti, Heinänen et al.). This was supported 
by the forms of the nitrate profiles at the sediment water interface (Mäkelä). The results 
showed clearly that the suboxic bottoms of the Gulf of Finland acted as nitrogen sinks 
during the whole year (Mäkelä). During good oxygen conditions an additional sink is 
provided via nitrification/denitrification pathway in the surface sediment (Mäkelä, Heinänen 
et al.). 
Limiting nutrients 
The concept of nutrient limitation 
Eutrophication of coastal waters is caused by increased inorganic nutrient input leading to 
enhanced algal primary productivity and growth of phytoplankton biomass. In eutrophied 
situation the algal growth and biomass accumulation escape the controlling mechanisms of 
the plankton ecosystem, often resulting in exceptional or harmful algal blooms, organic 
surface scums, or anoxic conditions of the benthos. 
Nutrient limitation of algal growth can be either 
• physiological limitation where the growth and biosynthesis of organic material are 
reduced due to insufficient supply of a single element, or 
• community limitation where the growth of total algal biomass is reduced. 
The community limitation may not necessarily imply that individual algal species or cells 
would be physiologically nutrient limited, but the biomass increase of the whole algal 
community is limited by nutrients. Moreover, the increase of algal biomass may be 
controlled by grazing or limited by other factors (i.e. light). Due to unequal regeneration and 
recirculation rates of different nutrients within the plankton community the assessment of 
nutrient limitation cannot be solely based on the ambient nutrient concentrations or nutrient 
ratios, but active experimentation is also needed. 
Extensive coastal enclosure experiments 
Earlier results, based on a series of mesoscale enclosure experiments (0.1 m3) conducted at 
the entrance of the Gulf of Finland, have shown that nitrogen is the basic limiting nutrient 
for phytoplankton production and biomass increase throughout the productive season (Kivi 
et al. 1993). During early summer, however, the combined additions of N and P evoked a 
clear increase in phytoplankton biomass 
In the Helsinki sea area (central Gulf of Finland) and in the Vironlahti sea area (eastern Gulf 
of Finland) combined additions of N and P were required in order to evoke significant algal 
biomass increase during most of the seasonal cycle (project PELAG III, Progress Reports 
1992-93). Occasionally, also single N addition resulted in enhanced algal biomass in the 
Helsinki sea area, while single P addition did not enhance algal biomass production. Off 
Vironlahti also single N and/or P additions sometimes resulted in significant biomass 
increase. 
Summarizing the three year's experimental series, the probability for nitrogen limitation to 
occur was > 50 % and for P limitation < 10 %. Thus it could be concluded that for the most 
of the year the coastal areas of Gulf of Finland are N limited (Tamminen & Andersen, in 
prep.). 
Nutrient limitation in the Neva estuary and eastern Gulf of Finland 
The large nutrient flux from River Neva is characterized by a high inorganic N:P ratio (10-
30 w:w, molar ratio 20-60, Table 3) during late summer, which would suggest an obvious P 
limitation in the estuary and adjacent waters in the Gulf of Finland (Pitkänen and Tamminen 
1995). In the eastern Gulf of Finland, high N:P ratios are persistent throughout the year, 
being clearly elevated during summer when algal productivity is high (Fig. 8). The non-
conservative decrease of inorganic nutrients, both nitrogen and phosphorus, as well as the 
strong non-linear decrease in the N:P ratio against the salinity gradient in the inner estuary, 
or at latest in the outer estuary, suggest that both N and P are efficiently removed in the 
estuary. 
The available results suggest that the biogeochemical removal of N due to sedimentation and 
denitrification seems to be more efficient than the removal of P. Thus the Neva Estuary 
transforms the nutritional conditions for phytoplankton from P deficiency in the inner 
estuary to a probable N deficiency in the open eastern Gulf of Finland (Table 3). However, 
the maxima of inorganic N:P ratio near the thermocline region suggests that during intensive 
vertical mixing, e.g. as a result of heavy winds, nitrogen rich water can be supplied to the 
surface layer thus resulting in renewed and enhanced algal production (Pitkänen & 
Tamminen 1995) 
Table 3. A generalized presentation on the hydro- and nutrient dynamical characteristics of the different sub-
areas of the eastern Gulf of Finland under late summer conditions (Pitkänen & Tamminen 1995). 
Surface 	Subarea 	Thermocline Permanent 	Loss of 	NDIN/DIP 	Most 
salinity, of euphotic 	probable 
psu 	 layer 	nutrients (s) 
<0 	 Neva bay 	missing 	missing 	small 	10-30 	(P) 
1 
0,1-2 Inner strong missing very 5-30 P,(N)2 
Estuary effective 
2-3 Outer strong weak modest 1-40 P;N 
Estuary 
3-4 Transiti strong missing small 2-40 N,P 
on zone 
>4 Open strong weak small 2-8 N 
Eastern 
Gulf of 
Finland 
1) the limiting role of P is theoretical, because turbidity and short residence time limit productivity in most 
parts of the Bay.2) N may limit in the case of thin and well defined mixed surface layer. 
Recommended measures to reduce eutrophication in the Gulf of Finland 
As presented in the previous compilations, the Gulf of Finland is clearly eutrophied and the 
effects are seen the whole ecosystem. The effects are most marked in the easternmost 
regions and some other coastal regions where the inputs of nutrient are high. The factors 
regulating the plankton dynamics in the Gulf of Finland are compiled in Fig. 9. 
The problem regions and the priorities in the measures to reduce the eutrophication in the 
Gulf of Finland are documented by Helsinki Commission (HELCOM 1993). In order to 
restore the Baltic ecosystem, he HELCOM ministerial summit made a recommendation to 
reduce the inputs to the Baltic Sea by 50 % from the lervel of 1987. According to Pitkänen 
et al. (1997), the point source inputs are dominating in Russia and Estonia while in Finland 
Neva 
Nutr' t inputs from 
rive 	FJva control the 
peta system during 
the jle growth 
peri 
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the contribution of diffuse inputs is more distinct. This should reflect to the priority of the 
measures. 
The nutrient ratios in the euphotic layer and the studies on the role of the limiting nutrient 
strongly suggest that nitrogen is the primary limiting nutrient in most regions in the Gulf of 
Finland, but also phosphorus inputs increase the primary production, especially in coastal 
waters and in the Neva Estuary. Consequently, the decrease in both phosphorus and nitrogen 
input is needed to counteract the eutrophication. 
The results of the nutrient reduction will be most marked in the enclosed basins and 
archipelagic and coastal waters compared to the effects in the open Baltic Sea (Fig. 10). The 
preliminary results of model calculations by the Russian-Swedish work group (Savchuk & 
Wulff 1996, c.f. Wulff & Niemi 1992, Wulff & Stigebrandt 1989, Savchuk & Volkova 
1990, Stigebrandt & Wulff 1987, Savchuk & Wulff 1993) insinuate that a drastic reduction 
of anthropogenic nutrient load would result in only small effects in the ecosystem primary 
production in the Baltic Sea as a whole. 
PLANKTON DYNAMICS IN THE GULF OF FINLAND 
Western Gulf of Finland: 
Upwellings re 	te 
blooms in sur -fir 
Western and Central Gulf of 
Finland: 
Nutrient inputs from river Neva 
Fffe~ts lie spring bloom 
Western and Central Gu 
Finland: 
Cyanobacterial blooms are 
limited by e8~ Q'thf of Finland: 
Phytoplankton growth is main) 
	 4 
limited by nitrogen 
Eastern Gulf of Finland: 
The area of highest 
variability 
and possibility for 
unexpected blooms 
JML95 
Eastern Gulf of 
Finland: 
The growth 
limiting nutrient 
changes form P Neva Bay. 
to N in east-west Phytoplankton 
direction growth is limited 
by water 
residence time 
and turbidity 
Fig. 9. Compilation of the factors controlling the phytoplankton dynamics in the Gulf of 
Finland (Leppänen et al. 1994a). 
The scenario presented in Fig. 10. indicates a rather slow recovery in the open waters. The 
model prediction made during the Gulf of Finland Year (Savchuk et al./8a 1997) show that 
when the recommended load reduction measures are implemented all around the Gulf of 
Finland, the phytoplankton biomass concentrations will be reduced by 10-40% in few years. 
Efforts to reduce 
pollutant loads 	High 
and the effects 
to the state of the Efforts to 
Baltic Sea 	reduce 
pollutant 
inputs 
Low 
Good 
State of 
the Baltic 
Sea 
Bad 
JML95 
Fig. 10. Schematic representation on the effects of the efforts to reduce pollutant loads to 
the Baltic Sea (Wulff & Niemi 1992). 
The changes in the plankton in an enclosed bay in Helsinki are a good example of the effects 
of nutrient input reductions in an enclosed coastal region (Fig. 11). In 1987, the point source 
input of waste waters was removed from the bay, however, no marked changes in the diffuse 
load e.g. by the river Vantaanjoki took place. Consequently, both the total amount of 
phytoplankton (indicated as chlorophyll a) and the cyanobacterial biomass decreased 
markedly. 
The same scenario would be most probable for the Neva Estuary and the easternmost Gulf 
of Finland as well. An effective reduction of nitrogen and phosphorus input in all major 
sources would most probably be seen rapidly in the state of whole Gulf of Finland, except 
for the westernmost regions which is strongly affected by the Baltic Sea Proper (Inkala et al 
1997, Savchuk et al 1997b). 
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Fig. 11. Changes in the summer concentrations of chlorophyll a (Chlorophyll a, July-
September) and cyanobacterial carbon biomass (June-September) in the 
Vanhankaupunginlahti Bay, an enclosed basin in Helsinki (Pesonen et al. 1995). 
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Abstract 
Extensive areas of the open eastern Gulf of Finland (east of the Gogland island) and also 
some semi-enclosed coastal water areas off the whole Finnish southern coast had very low 
deep water oxygen concentrations and total anoxia at the surface of bottom sediment in 
August-September 1996. This was the first time since 1966, when the regular monitoring 
started that such an extensive oxygen deficit was detected in the open eastern Gulf. No 
living benthic fauna was found from those stations where oxygen concentrations in near-
bottom waters (1 to 2 m above the bottom) were less than 2 mg m 3. The results indicate 
that the anoxic bottom area covered a part of the Finnish archipelago (ca. 300 km2), 
probably the whole area of the central basin of the eastern Gulf deeper than 40 m (ca. 3 000 
km2) and possibly also deep parts of the outer Neva Estuary. The water phosphate-P in-
creased up to 200 mg m 3 , while generally the deep water concentrations of the open Gulf 
have varied between 30 and 60 mg m 3. The benthic release of P was estimated to 
correspond about 4 500 tons in the eastern Gulf, which correspond about one years 
anthropogenic load of P to the Gulf. The decreased oxygen concentrations in the open 
eastern Gulf were not directly connected with an intrusion of more saline water from the 
Baltic Proper, but merely with the hydrographical conditions caused by the special weather 
conditions of the summer (rainy and windy early summer, warm late summer) together 
with the strong nutrient loading to the Gulf. As a result of the benthic release of P, the 
inorganic N:P ratio of deep water decreased from 5:1 to 2: 1. In addition to special hydro-
graphic situation induced by weather conditions, this was the obvious reason to the heavy 
blue-green algal blooms during the summer of 1997. 
Introduction 
Oxygen deficits and anoxia are common features of closed and semi-enclosed inland and 
coastal water bodys. These phenomena are usual especially in eutrophied waters, where 
microbiological decomposition of the sedimented autochthonous organic matter consumes 
oxygen and the deeper water layers are isolated from the upper layers by thermo- and/or 
halocline for longer periods of stagnation. 
Oxygen conditions in the beep water layer of the estuarine-like Baltic Sea are strongly con-
nected with the hydrographical conditions (Fonselius 1969). Already in the end of the 19th 
centutry deep water oxygen deficiencies were observed in the Baltic deep basins although 
nutrient loading and primary productivity were much smaller than today (Wullf et al. 
1990). Thus, although the oxygen defiency is primarily caused by microbiological 
oxidation of sedimenting organic matter, the main controlling factor is the saline water in-
trusion from the North Sea to the Baltic Sea, the temporal occurence of which is very un- 
52 
predictable and depends on climatological events in the north Atlantic. In the 1980s and 
the 1990s no strong saline water inputs have occured and consequently vertical density 
stratification has gradually weakened and an increasing trend has been obvious in deep 
water oxygen (Bergström and Matthäus 1996). However, in the early 1993 a small 
intrusion was observed and one year later a separate layer of saline water was observed 
also in the Gulf of Finland. 
Because the Gulf of Finland is morphologically a direct continuation of the northern Baltic 
Sea, without any shallows or sills, the hydrography of the Gulf is strongly bound to that of 
the rest of the Baltic Sea (except the Gulf of Bothnia). Thus the saline water intrusions also 
affect the deep parts of the Gulf of Finland. Total anoxia have not observed in the 
shallower eastern Gulf (east of Gogland), which is strongly affected by estuarine 
hydrodynamics (effective vertical mixing) due to the inflow from the River Neva. 
However, strongly reduced oxygen saturation values were common especilally in the 1970s 
(e.g. Perttilä et al. 1978). 
The eastern Gulf of Finland receives large amounts of nutrints and allochthonous organic 
matter via the River Neva and from the St. Petersburg area. As a result of this loading and 
the estuarine hydrodynamics the eastern Gulf of Finland and especially the Neva Estuary 
is clearly eutrophied (Pitkänen 1994, Kauppila et al. 1995). Also high accumulation rates 
(up to 2 cm a' of wet sediment) of particulate matter have been observed by using Cs-137 
datings (Lehtoranta et al. 1997). Despite the evidently high consumption rate of oxygen 
near the sediment-water interface, the renewal rate of deep water oxygen has been 
sufficiently high due to the lack of permanent halocline. 
The present paper aims to study the magnitude of the deficiency and the surface area of 
anoxic bottoms in the eastern Gulf of Finalnd, as well as to discuss the most probable 
reasons to and consequences of the observed deficiency 
Materials and methods 
The present study is mostly based on data gathered from the easternmost Finnish waters of 
GOP in 1966-1996 from the station XV-1 (65 m, Fig. 1) and in 1993-96 from the intensive 
station KAS-8 (47 m). The samples have been taken and analyzed by the south-east 
Finland Regional Environment Centre and the data is stored in the Water Quality Data 
Bank maintained by the Finnish Environment Institute. In August 1996, when the oxygen 
deficit was already observed, a spatial survey was made from 20 sampling stations to find 
out the surface area affected by low oxygen concentrations. The cruise was arranged in the 
international and easternmost Finnish waters of the eastern Gulf by the Regional Environ-
ment Centre and the University of Helsinki. Two additional stations in the Russian 
territorial waters were visited by the Finnish Institute of Marine Research in July. 
Oxygen, salinity and temperature were measured using CTD-sond. Total N, NOR-N, NH4-
N, total P and PO4-P were analyzed from unfiltered water samples according to standard 
methods (Koroleff 1976). Additionally sediment samples were taken by the Ekman-
sampler in order to check the possible occurence of H2S in the sediment surface and for the 
analysis of benthic fauna. 
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Results and discussion 
Long-term variation of deep water oxygen and salinity in 1966-1996 
The long term oxygen conditions were studied from an open Gulf station at the depth of 65 
m. The station lies in the NW corner of the central deep of the eastern Gulf, thus represen-
ting well the conditions of this area. 
The general trend in deep water oxygen during the period of 30 yeras has been strongly 
increasing (Fig. 2). While in the late 1960s/earlyl970 concentrations from 3 to 5 mg dm"3  
were generally measured in late summer, the corresponding level in the late 1980s/early 
1990s was from 7 to 9 mg m 3. However in the 1990s the trend has ceased, and in winter 
concentrations even a clear decrease has been evident. The salt water intrusion to the Baltic 
Sea in January 1993 (Bergström and Matthäus 1996) reached the Gulf of Finland in winter 
1994, when winter values of deep water dropped to 4 mg dm 3. Despite the increasing 
trend in summertime values, exceptionally low deep water oxygen concentrations (0.7 mg 
dm-3) were measured in August 1996. 
The trend in deep water salinity has been increasing and, at the same time, the vertical 
stability of the water mass has become weaker because the corresponding trend of the 
surface layer has been clearly smoother than that of the deep water. However, during the 
1990s there has been a slightly increasing trend in deep water salinity, which indicates that 
also the vertical stability has somewhat strengthened. 
Short-term variation of salinity, oxygen and nutrients in 1993-1996 
In 1993 an intensive monitoring (15 to 30 samples/year) was started in the easternmost 
Finnish waters of GOF at the station KAS-8A near the island of Huovari (depth 47 m, Fig. 
1). The station locates outside the archipelago and its deep water is in direct contact with 
the central basin of the eastern Gulf. The stion lies far outside local coastal nutrient 
sources, e.g. 50 km from the mouth of the River Kymijoki and the town of Kotka. 
Typically for eutrophied waters the annual variation of inorganic N and P compounds were 
strong both in the mixed surface layer and near the bottom (Fig. 3). The surface concentra-
tions were on a high level in winter (DIP: 30 mg m 3, DIN: 300 to 400 mg m-3), and started 
a steep decrease in spring when the vernal bloom of phytoplankton began to fix the nurtient 
pool. Immediately after this the near-bottom concentartions started rapidly to increase due 
to the high sedimentation rate of the bloom (Figs. 3). At the same time oxygen con-
centrations (Fig. 4) started to decrease due to intensified bacterial decompositon of the 
sedimented particulate organic matter (POM). 
There has been large differences in this general dynamics between the different years. The 
years 1993 and 1995 where 'normal', while in 1994 and 1996 a clear increse in near-bottom 
salinity was observed (Fig. 5). In the late autums of 1993 and 1995 the storms could not 
break salinity stratification and the water layer below 40 m was not mixed with the rest of 
the water mass to renew the deep-water oxygen storages. 
In both 1994 and 1996 low oxygen concentartions and high DIP concentrations were 
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measured from near-bottom waters (Figs. 3 and 4). Deep water oxygen concentrations were 
relatively low (ca. 5 mg m 3) already in winter. After the spring bloom the concentration 
continued to decrease. In early August 1996 oxygen concentration had decreased to 2 mg 
dm-3 and one month later the measured values were below 1 mg dm 3 at the depth of 45 m 
(2 m above the bottom). At the time same DIP concentration increased steeply. The basic 
winter level is ca. 40 mg m 3 (1.3 mmol m 3). Due to the poor vertical renewal of the deep 
watern during the winter 1995/96, already the winter concentrations (70 to 110 mg m 3) 
were strongly elevated. After the spring bloom in early June, when the oxygen values 
started the rapid decrease, the phosphate concentrations further increased and reached 180 
mg m 3 (6 mmol m"3) in early August. 
In late October heavy winds could break up the stratification. At the same time oxygen 
conditions rapidly recovered and the phosphate storage of the deep water mixed to the 
whole water mass causing an increase in the surface layer P to 25 mg m"3. This is a typical 
late winter concentration in the eastern Gulf and about 15 mg m 3 more than during normal 
years, corresponding an increase of 4 500 t of P in the water mass of the whole eastern 
Gulf. This amount equals one years point-source and diffuse loading of P to the Gulf of 
Finland. 
The area of anoxic bottom sediment 
According to the samples collected during the cruise arranged by the South-east Finland 
Regional Environment Centre and the University of Helsinki in August/September 1996, 
anoxic bottoms were found both from the archipelago and the open waters of the eastern 
Gulf (Fig. 5). In the open Gulf the critical depth for low (< 3 mg m-3) oxygen 
concentrations and totally anoxic sediment surface without living benthic fauna proved to 
be 40 m. In the semi-enclosed coastal basins the critical depth varied between 20 and 40 m. 
On the basis of the results it can be rougly estimated that in the Finnish archipelago an area 
of about 300 km2 was in anoxic state. If the critical depth of 40 m for anoxia was valid in 
the whole eastern Gulf, this would correspond an anoxic bottom area of about 3 000 km2. 
The release of 4 500 t of phosphorus from this area equals 1.5 g m2, which is ca. 70 % of 
the estimated annual benthic sedimentation of P in the eastern Gulf (cf. Lehtoranta et al. 
1997). 
Conclusions 
Extensive areas of the open eastern Gulf of Finland and also some deep coastal water areas 
in the Finnish coastal waters had very low deep water oxygen concentrations (< 2 mg m 3) 
and total anoxia at the surface of bottom sediment in August-September 1996. This was the 
first time since 1966 when the regular monitoring started that such an extensive oxygen 
deficit was detected in the open eastern Gulf. No living benthic fauna was found from 
those stations where oxygen concentrations in near-bottom waters (1 to 2 m above the bot-
tom) were less than 3 mg m-3. 
The results indicate that the anoxic bottom area covered a part of the Finnish archipelago 
(ca. 300 km2), the whole central basin of the eastern Gulf (ca. 3 000 km2) and possibly also 
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parts of the outer Neva Estuary. The water phosphate-P increased up to 200 mg m 3, while 
generally the concentrations of the open Gulf have varied between 30 and 60 mg m-3. 
The decreased oxygen concentrations in the open eastern Gulf were not directly connected 
with an intrusion of more saline water from the Baltic Proper, but more with the special 
weather conditions of the summer (rainy and windy early summer, warm late summer) 
together with the strong nutrient loading to the Gulf. Because of the exceptionally strong 
winds in early July, the nutrient supply of the mixed surface layer had increased and caused 
increased primary productivity and cyanobacterial blooms in late July-August. Due to the 
isolation of the near-bottom water, the renewal rate of deep water oxygen was not sufficent 
for microbial decomposition. 
In October when the density stratification was broken, deep water oxygen conditions 
started to recover. At the same time the large deep water storage of phosphate (estimated 
to be 4 500 tons) mixed to the whole water mass, resulting in a clearly elevated phosphate 
level (ca. 15 mg m 3 higher than normally) in the surface layer. As a result of the benthic 
release of P, the inorganic N:P ratio of deep water decreased from 5:1 to 2:1. In addition 
to special hydrographic situation induced by weather conditions, this was the obvious 
reason to the heavy blue-green algal blooms during the summer of 1997. 
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Figure 3. The variation of deep water salinity (a), oxygen (b) and phosphate-P (c) in 1993-1997. 
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Figure 4. The variation of deep water ammonium-N (a), nitrate-N (b) and total N (c) in 1993-1997. 
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Figure 5. The areas of low near-bottom oxygen concentration (< 3 mg dm 3, shaded area) accor-
ding to the data collected in late August 1996 during the survey arranged by the University of 
Helsinki and the Southeast Finland Regional Environment Centre. The westernmost station and 
the two easternmost stations in the middle of the Gulf were sampled in July by the Finnish 
Institute of Marine Research. In the eastern and southern parts of the open eastern Gulf the area 
of strong oxygen deficit has been drawn to follow the depth contour of 40 m due to the depen-
dency found in the surveyed area. 
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3.3 PECULIARITIES OF EUTROPHICATION, PRODUCTION 
AND DESTRUCTION PROCESSES IN THE EASTERN GULF 
OF FINLAND (1994-1995) 
V.G.Drabkova, V.P.Beliakov 
Institute of Lake Research RAS 
Sevastianova, Str., 9, St.Petersburg, Russia, 196199 
Abstract 
In September 1994, September 1995, September and October 1996, a complex 
investigation of the Neva Bay and eastern Gulf of Finland was accomplished abroad RV 
"Talan". The obtained materials have revealed the discrepancy in phytoplankton 
development and content of nutrients. That obviously has been due to intensive 
phytoplankton flux out of the study aquatory. Dependance of chlorophyll "a" contents and 
primary production on Ptot concentrations, N:P ratio and contents of suspended 
particulate matter have partially been absent. The contribution of primary production to 
total input off organic matter into the eastern Gulf of Finland can be considered 
negligible. The intensive heterotrophic processes are in progress there. In euphotic 
zone, total destruction has often been equal and even exceeded primary production. That 
phenomenon has been more often observable in the Neva Bay. The sufficiently active role 
of bacterioplankton in the Neva Bay and the eastern Gulf of Finland should be noted. 
Keywords: eutrophication, nutrients, suspended, particulate matter,chlorophyll, 
production, destruction, biomass, phytoplankton, bacterioplankton. 
Introduction 
The problem of water eutrophication of water bodies is bound up with their enrichment by 
nutrients (mainly by phosphorus and nitrogen) which involves a rise in water the 
productivity of water bodies and increase in the content of organic matter, the most 
important factor defining water quality. 
Most investigators consider eutrophication to be the process of the intensification of 
primary production resulted in growth of phytomass, amount of which exceeds the rate 
of multi-annual variation. As a result, change of reservoir trophic type arises. However, 
it is necessary to allow for, that biological communities of the whole trophic levels 
both in the water and bottom sediments participate in this process. 
Eutrophication of the reservoirs of different types has been studied extensively all over 
the world and by now the foundation of the theory of eutrophication may be talked over, 
what was evidenced by summarized works of R.Vollenweider (1968,1981,1990), 
L.Rossolimo (1975) and international publications of Organisation for Economic 
Co-operation and Development (OECD, 1982), as well. 
The peculiarities of hydrobiological conditions of the eastern Gulf of Finland, being the 
Neva estuary, i.e. the confluence of land and sea waters, characterize the distinction of 
the eutrophication process in this aquatory. Many regularities of eutrophication, typical for 
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lakes and reservoirs, practically do not become apperent in the eastern Gulf of 
Finland.Hydrographical conditions of the aquatory are the reasons for that: 1) first of all, 
powerfull water flow from the Neva, which makes up 2460 m3/sec and determines the 
enormous influence of the lake Ladoga on forming of the water mass into the Gulf of 
Finland; 2) sizable flowage, especially in the Neva Bay, where the recidence time makes 
up in average 5.5 days, while in the central transit zone approximately halt of it; 3) 
shallowness of the Neva Bay (prevalent depth 3-4 m) and the aquatory, bounded by a 
flood protection barrier in the East and by the section - the Shepelevskiy Cape - Flotskiy 
Cape in the West (prevalent depth 8-26 m), which does not prevent from intensive shift of 
water mass and resuspension of bottom deposits; 4) influence of the Baltic Sea, which, 
first of all, tells on change of water salinity and structure of biological communities. 
This influence, though momentary, may become apparent even in the Neva Bay. 
The basin of the Gulf of Finland relates to regions with high level of technogenic 
pressure on environment. Besides that, the Neva Bay is a place of industrial and 
domestic sewage water discharge. Thus, in 1988, only through urban sewerage system 
1520 tons of oil, 203 tons of iron, 66 tons of lead, 142 tons of zinc were discharged into 
the Neva Bay after 70% of extrapurification of the waste waters (Rumyantsev and 
Rodionov 1989). 
Other sources of pollution are the large dumps of sediments, accumulating when 
clearing of St.Petersburg canal and rivers, and alluviation of territories for residential 
districts building up at the northern and southern coast. At these zones, concentrations 
of suspended particulate matter noticeably increase up to 100-140 g/m3, instead of 8-11 
g/ m3 background concentration (Karaushiev et al. 1988). 
Earlier scientific works have already shown the discrepancy between comparably low 
indices of primary production, phytoplankton and zooplankton biomasses and high 
values of organic matter destruction, biomasses of bacterial and protozoan 
plankton and macrozoobenthos. This discrepancy was particularly appreciable in the 
Neva Bay and was connected with substancial input of allochthonous organic matter and 
unfavorable conditions for active phytoplankton functioning (high flowage and 
turbidity) (Vinberg and Gutelmakher 1987, Shishkin 1987, Shishkin et al. 1989). During 
the last years many authors suggested an increase of contribution of primary 
production into organic matter enrichment of the Neva Bay waters (Alimov et al. 
1966). 
The aim of this work is to estimate, whether the notion "eutrophication" fits the 
eastern Gulf of Finland and to reveal principal causes of discrepancy of the indices 
characterizing the processes of eutrophication in this aquatory. 
Materials and methods 
Within the framework of International Program "The Gulf of Finland year 1996" the 
Institute of Lake Research RAS with assistance of other research institutes at 
St.Petersburg organized complex expeditions on board of RV "Talan" in September 
1994, September 1995 and September-October 1996. 
The investigations were conducted in the aquatory of the eastern Gulf of Finland. The 
study area is a part of Russian territorial waters and it may be devided into two 
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sub-areas: the Neva Bay, which stretches from the Neva mouth in the East to the 
flood protection barrier, and the eastern Gulf of Finland, which reaches to the island of 
Gogland. Sample collection was being done according to standard network of sampling 
stations (Fig.1). 
The samples for content of nutrients and chlorophyll "a" were being sampled and 
analyzed by standard methods (HELCOM 1988). Primary production and destruction 
of organic matter were estimated by the oxygenous method, in which twentyfour hours 
exposition of dark and light bottles was used (Vinberg 1960). Intensity of bacterial 
respiration was estimated by Tezuka (1972). In this method bacterial numbers were 
evaluated by epifluorescence method (Hobbie et al. 1977) by using LUMAM 
microscope. All data available in the article are cited mainly for the euphotic zone. 
Results and discussion 
Nitrogen and phosphorus input and accumulation in water bodies are very important for 
eutrophication. While in the investigation of the eastern Gulf of Finland, it was 
ascertained that total nitrogen content remained sufficiently invariable and significantly 
differed neither by years nor by depths; tendency towards its decrease in water from the 
Neva Bay to the eastern Gulf of Finland was only outlined (table 1). Distribution of 
total phosphorus was rather different. Average Ptot concentrations significantly differed 
according to dates of observation (t> 2.87 with alpha < 0.01) with the exception of the 
concentrations, provided in September and October 1966, when they were at the same 
level. The largest Ptot concentration in the surface water was noted in 1994, and only in 
this year the Neva Bay significantly differed from the eastern Gulf of Finland by this 
parameter. In the rest of the dates Ptot content fluctuated within the close limits 
through all over study area. In deep-water regions of the eastern Gulf of Finland Ptot 
concentration was practically always 2-2.5 times as high near the bottom than it was in 
the surface layer. 
N:P ratio varied similarly to P. In 1994 this ratio was at its minimum (on an average 
14) in the Neva Bay. During the other years values of N:P ratio practically did not differ 
in the Neva Bay and in the eastern Gulf of Finland and made up 18-46 in the surface 
water. 
Comparison of the data on Ptot concentration and N:P ratio in study area with the data 
obtained in freshwater lakes and reservoirs with different trophic level, allowed to 
attribute the Neva Bay and the eastern Gulf of Finland to eutrophic type and some of the 
regions even to hypertrophic one. In accordance with OECD, freshwater lakes and 
reservoirs possess the following criteria for estimation of their trophic condition with 
respect to P,ot content: mesotrophic type - 10-35 mg/m3, eutrophic - 35-100 mg/m3 
(Vollenweider 1990). The analogous criteria exist on N:P ratio: mesotrophic type -
30-40, eutrophic - 15-25, hypertrophic - 12-18 (Alekin et al. 1985). 
If the study area may be attributed most likely to the eutrophic type on the basis of the 
content of nutrients then it is hardly possible to do that on chlorophyll "a" concentration. 
As it is evident from the table 2, chlorophyll content fluctuated within limits of 1.0-19.1 
mg/m3 (mean 3.1-9.2). These data characterize the Neva Bay and the eastern Gulf of 
Finland as mesotrophic reservoir with the exeption of some sampling stations, which 
may be attributed to eutrophic type. Really, due to data of many authors, content of 
chlorophyll "a" makes up 2-15 g/m3 for mesotrophic lakes and 10-500 g/m fir the 
eutrophic ones (Bulion 1993). 
Sufficiently low level of content of chlorophyll "a", observable in the scope of our 
study, impossible to explain by the data of sampling (September). As to observations of 
other researchers, content of chlorophyll "a" rarely exceeded 18 g/m3 in summer months, 
as well (Kauppila et al. 1995). 
Low level of phytoplankton development with sufficiently high P,0 concentration, 
indicates the fact, that phosphorus cannot be the limiting factor, restraining growth of 
bioproductivity. This conclusion confirms by lack of correlation between chlorophyll "a" 
content and total phosphorus, or the weak one. That correlation has not been noticed by 
comparison of the data, both on all over the aquatory and on the Neva Bay and the eastern 
Gulf of Finland, each taken separately (table 3). During some years dependance of content 
of chlorophyll "a" on inorganic phosphorus has been observed, but it has been weak 
enough, as well (fig. 2,3). 
So far as in literature, the authors refer to suspended particulate matter (SPM) as to 
the factor, depressing phytoplankton development (Shishkin 1987, Pitkanen et al. 
1993), we have also examined the influence of this factor on chlorophyll "a" content. 
Sufficiently clear inverse correlation has existed between SPM and water transparency 
by Secchi disk (fig.4). Correlation between SPM content and chlorophyll "a" 
concentration was weak. If in separate years it became apparent, then it was linear (table 
3, fig. 2,3). To some extent the latter may be explained by the fact, that in the present 
area phytoplankton is removed with others suspended fractions. 
Comparably low concentration of chlorophyll "a" in the Neva Bay and the eastern Gulf 
of Finland must likely to be due to intensive phytoplankton flux from the aquatory. 
The lowest content of chlorophyll "a" in the Neva Bay in September 1996 is caused of its 
low content in Lake Ladoga (the region of the Neva source) at that period, e.i. 3.1 and 
0.7-0.95 g/m3 correspondingly. In other dates of the research these values made up 
7.9-9.2 and 3.2-6.3 g/m3 in the Neva Bay and Lake Ladoga correspondingly. 
Primary production serves as the reliable index of physiological activity of 
phytoplankton. In the study aquatory it was practically independant on total phosphorus 
content and suspended matter (fig.5). Only in 1995 the conjunction of primary 
production with inorganic phosphorus was observed (fig.6). 
Contribution of phytoplarikton primary production to total input of organic matter into 
the Neva Bay and the eastern Gulf of Finland was insignificant. According to B.A. 
Shishkin et al. (1989), during the period May-October about 1540 gC/m2 and 650 
gC/m2 of allochtonous organic matter was removed in to the Neva Bay and the eastern 
Gulf of Finland correspondingly. These values considerably exceed the ones, 
characterizing primary production, and are the cause of intensive development of 
heterotrophic processes in this aquatory. It is considered to be the peculiarity of any 
estuary, all the more the Neva one, where greater St. Petersburg is situated. 
Even in euphotic zone, where primary production is developing on the whole, total 
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decomposition of organic matter was often equal or it even exceeded the primary 
production. This balance was especially characteristic for the Neva Bay and the 
shallow region of the eastern Gulf of Finland (fig.7). When counting these indices again 
per 1 m2, decomposition has always considerably exceeded primary production. 
In euphotic zone bacterial respiration made up 56-65% of total decomposition. This 
shows the high heterotrophic activity of bacteria. Bacterial production must likely to be 
high too there, as proceed from the data on bacterial biomass, whose values were higher, 
as a rule, than those on phytoplankton biomass (table 4). In contrast to phyto- and 
zooplankton which concentrate on the surface of water, bacteria sufficiently disperse all 
over the water mass. 
Thus, analyzing obtained data, it is hardy possible to be hard speculate about 
eutrophication of the Neva Bay and the eastern Gulf of Finland, using the notions suitable 
for freshwater lakes and reservoirs. The study aquatory, except coastal regions and 
separate inland bays is the tranzit zone, where it is difficult to expect active 
phytoplankton development, but where heterotrophic processes, keeping up high level of 
water self-purification, are sufficiently intensive. 
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Table 1 
Total nitrogen (Ntot),  total phosphorus (Ptot)  concentrations, N:P 
and temperature in the eastern Gulf of Finland (range and mean values) 
Area 	Data 	Depth 	n 	T°  C 	Ptot_3 Ntot_3 	P:N 
mg - m 	mg"m 	w.w. 
Neva Bay 14-24.IX surface 
1994 
11-22.IX 
1995 
6-10.IX 
1996 
8-15.X. 	" 
1996 
The eastern 14-24.IX surface 
Gulf of 	1994 
Finland 
11-22.IX 
1995  
6 9.8-11.8 60-74 720-1080 10-16 
66 	910 	14 
5 12.0-12.6 16-37 840-9206 24-56 
21 	890 	46 
6 12.8-15.4 31-80 750-1000 12-25 
44 	883 	21 
5 8.2-9.1 22-44 720-1000 17-36 
36 	872 	25 
7 10.3-10.9 30-60 820-1060 14-32 
48 	934 	20 
13 12.2-14.5 17-40 600-920 18-40 
25 	722 	30 
" near the 8 2.8-6.0 18-54 700 16 
bottom 42 
6-10.IX surface 13 9.6-16.4 20-76 650-800 9-35 
38 704 21 
" near the 13 3.8-9.6 65-110 700-850 6-13 
bottom 90 730 8.5 
8-15.X surface 10 8.6-10.0 32-60 680-760 12-22 
1996 42 720 18 
" near the 10 5.6-9.0 40-120 700-780 6-20 
bottom 80 744 11.5 
Table 2 
Chlorophyll "a" concentration (range and mean values) 
(Trifonova et al., 	in press.) 
Area Date n Ch "a" 	(mg m-3) 
Neva Bay IX.1994 9 4.4-19.1 	(9.2) 
IX.1995 4 3.5-15.3 	(8.5) 
IX.1996 5 1.0-5.5 	(3.1) 
X.1996 5 5.6-9.1 	(7.9) 
The eastern IX.1994 16 3.5-9.2 	(6.5) 
Gulf of IX.1995 13 1.6-12.3 	(8.6) 
Finlandl IX.1996 13 1.0-13.2 	(5.8) 
X.1996 12 2.2-9.4 	(5.7) 
Table 3 
Correlation coefficients of chlorophyll "a" (Chl a) 
concentration with environment components 
(Ptot- total phosphorus, Pm- inogranic phosphorus, 
SPM- suspended particulate matter). 
1 
Date 	n 	Ptot 	N:P 	Pm 	SPM 
The Neva Bay 
1995 4 0.84 -0.80 0,85 0.27 
1996 11 -0.08 0.32 0.62 -0.19 
1994-1996 18 -0.07 0.09 0.20 -0.13 
The eastern Gulf of Finland 
1994 7 0.58 -0.65 0.40 -0.25 
1995 12 0.25 -0.18 0.65 0.86 
1996 21 -0.05 -0.03 -0.41 0.75 
1996/IX 12 -0.12 0.02 -0.38 0.77 
1996/ X 9 0.30 -0.40 -0.63 0.76 
1994-1996 40 -0.24 0.19 -0.31 0.57 
The whole area 
1994 10 0.49 -0.44 0.07 0.07 
1995 16 0.50 -0.39 0.66 0.53 
1996 31 -0.06 0.05 -0.13 0.34 
1994-1996 58 -0.18 0.14 -0.14 0.26 
Table 4 
Primary pruduction (PP), total destraction (D), 
bacterial respiration (R), the phytoplankton (Bph) 
and bacterial (Bb) biomass in the surface water on 1995-1996 
Parameters The Neva Bay The eastern Gulf of Finland 
n range and mean 
values 
n range and mean 
values 
PP, 	mgC'm 3'd 7 80-179 	(109) 26 40-390 	(189) 
D, 	mgC"m-3.d 7 30-240 	(97) 26 20-280 	(93) 
R, 	mgC.m 3.d 6 15-159 	(54) 22 6-174 	(60) 
Bph, 	mg'1 	1  11 0.5-6.4 	(2.0) 26 0.3-4.7 	(2.1) 
-1 Bb, 	mg'l 11 1.1-4.3 	(2.7) 26 1.0-7.5(2.9) 
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Fig. 1. Study area and sumpling stations (1994-1996). 
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Fig. 2. Correlations of enviromental parameters in the eastern Gulf of Finland and 
Neva Bay in 1995 (A) and in 1996 (B): SPM - suspended particulate matter, g •m-3 
(range - from 1.8 to 8.3 and from 2 to 14.9); PM - inorganic phosphorus, mg • m-3 
(range - from 0 to 12); Ptot - total phosphorus, mg - m-3(range - from 20 to 80); 
concentration of chlorophyll «a», g • m-3 (range - from 1.6 to 15.3 and from 1.0 to 
13.2). 
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Fig. 3. Correlations of enviromental parameters in Neva Bay in 1996 (A) and in the 
eastern Gulf of Finland in 1995 (B): SPM - suspended particulate matter, g • m-3  
(range - from 4.9 to 14.9 and from 1.8 to 5.6); PM - inorganic phosphorus, mg m 3  
(range - from 0 to 44 and from 0 to 12); concentration of chlorophyll «a», or . m-3  
(range - from 1.0 to 9.1 and from 1-6 t I  
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Fig. 4. Correlations of enviromental parameters in the eastern Gulf of Finfan: and 
Neva Bay in 1995-1996: suspended particulate matter (SPM, g m 3) and 
transparency by Secchi disk, (S, m ). 
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Neva Bay in 1995-1996: SPM - suspended particulate matter, g •m-3(range - from 
1.8 to 14.9); Ptot - total phosphorus, mg • m-3(range - from 17 to 80); primary 
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Inorganic Phosphorus (Pi) vs. Primary Production (PP) 
PP 	= 58.491 + 20.154 * Pi 
Correlation: r = .85866 
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Fig. 6. Correlations of enviromental parameters in the eastern Gulf of Finland and 
Neva Bay in 1995-1996: inorganic phosphorus, (Pi, mg -m 3) and primary 
production, (PP, mgC • m-3 • day -'). 
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Fig. 7. Primary production (light columns) and destruction of organic matter -dark 
~c':umns) in Neva Bay and the eastern Gulf of Finland (1995-1996) 
(mgC - m-3 - day'). 
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3.4 NUTRIENT EXCHANGE ACROSS THE SEDIMENT-WATER 
INTERFACE IN THE EASTERN GULF OF FINLAND 
Natalia V. Ignatieva 
Institute for Lake Research of the Russian Academy of Sciences, Sevastyanov Str. 9, 196199, 
St.Petersburg, Russia 
Abstract 
Benthic nutrient fluxes (sedimentation, degradation and burial within the sediment, 
and release to the water column) were estimated for a series of stations in the Neva 
Bay and different areas of the eastern Gulf of Finland (GOF). It was shown, that the 
Gulf sediments act as an efficient trap for both nutrients: 20-50 % of P and 40-65 % of 
N in the Neva estuary and the open Gulf, and up to 100 % in the Neva Bay are buried 
with the accumulating sediment, the rest is released to the overlying water. Less 
dissolved nutrients are released by molecular diffusion from the deep sediment layers. 
The diffusion from immediate sediment-water interface and convective transport seem 
to be of greater importance in nutrient release. The variations in the intensity of benthic 
processes of nutrient sedimentation, adsorption, minerals formation, nitrification, 
denitrification and convective transport from the sediments in the sub-areas of the Gulf 
are generally determined by the chemical composition and amount of sedimenting 
material, in combination with bottom dynamics. Benthic nutrient flux to the overlying 
water could supply generally a small fraction of estimated phytoplankton nutrient 
demand (0-10 % of P and 1-5 % of N). 
Introduction 
Nutrient exchange across the sediment-water interface is an important process affecting 
the chemical composition and the trophic level of aquatic systems, particularly in 
shallow waters such as estuaries and coastal marine environments (e.g. Klump and 
Martens 1981; Callender and Hammond 1982; Boynton and Kemp 1985; Koop et al. 
1990). Due to the generally high productivity and shallow water depth a large part of the 
sedimenting particulate organic matter reaches the bottom and substantial amounts of 
dissolved nutrients rapidly liberate as a result of bacterial decomposition and 
mineralization, autolysis, and desorption. The exchange of nutrients between sediment 
and water can, therefore, significantly affect local primary production within the 
shallow water area as well as lateral transport of nutrient compounds out to the deeper 
waters (Fisher et al. 1982; Hopkinson and Wetzel 1982). 
The purpose of the present study was to quantify nutrient (phosphorus and nitrogen) 
fluxes across the sediment-water interface in order to assess the relative importance of 
nutrient benthic recycling to the water quality and to the requirements of primary 
producers in different areas of the eastern Gulf of Finland. 
Study area 
This research was conducted in the Neva Bay and different sub-areas of the 
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north-eastern GOF according to division given in Pitkänen 1991 (Fig. 1). 
Fine-grained sediments with high values of water content are typical of the outer estuary 
and the open Gulf, while the sediments of the inner estuary and the Neva Bay vary 
from the sands and sandy silts to gyttja clays. The sediment accumulation rate varies 
widely from 0.5 mm yr' in the sandy areas to 10-20 mm yr' in some near-shore bays 
and accumulation bottom in the open basin of the GOF (Niemisto and Voipio 1981; 
Pitkanen 1994). It is suggested that the eastern Gulf acts as an effective trap for nutrients 
and autochthonous particulate organic matter, thus regulating trophic conditions in the 
whole Gulf (Pitkänen 1991; Pitkanen et al. 1993). 
Materials and Methods 
Sampling procedure 
The study is based on data from 24 stations (4-65 m depth) sampled in August 1993 and 
September 1996 during the cruises of RN Professor Multanovsky and Talan (Fig. 1). 
Near-bottom water (4-5 cm above the sediment surface) and intact sediment cores were 
taken with a Niemisto corer. Onboard the cores were immediately cut into 4-9 
subsamples, the uppermost usually 0.1-0.2 cm and the deeper ones 1 to 5 cm in 
thickness down to a depth of 15-17 cm, and extruded into small plastic bags. All 
samples were stored cold. 
Chemical analyses 
Temperature, pH and near-bottom water oxygen concentration, using the Winkler 
titration, were measured immediately after sampling. Water content and porosity of the 
wet sediments were determined by drying a subsample at 1055°C, until no further 
weight loss was observed. For pore water extraction, vacuum filtration through 
Nucleopore membrane filter (0.45 7 ,um) was used. 
Dissolved inorganic phosphorus (DIP) was determined using the molybdate method 
(Murphy and Riley 1962). Dissolved total P (DTP) was obtained in the same manner 
following digestion of water samples with persulphate-sulphuric acid mixture for 1 hour 
at 1055 °C. Colorimetric methods served to determine ammonium-nitrogen (NH4+), and 
the sum of nitrite- and nitrate-nitrogen (NO2  +NO3 ) with Nessler and Griss reagents, 
respectively (Triphonova 1979; Wood et al. 1967). Dissolved total metals - iron and 
manganese were measured spectrometrically using ICP in Chemical Laboratory of 
Geological Survey of Finland. 
The forms of phosphorus in solid phase of the sediment - total P (TP) and total 
inorganic P (TIP) were determined by sequential acid and alkali extractions of the dry 
sediment and analysis of inorganic P and total P in the pooled extracts (Mehta et al. 
1954). Organic P content was calculated by difference between appropriate total and 
inorganic P content. 
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Results 
Near-bottom water 
During the sampling the temperature of near-bottom water varied from 3.0-4.45 °C in 
the deep waters to 12.8-13.25 °C in the shallow Neva Bay. Dissolved oxygen content 4-5 
cm above the sediment-water interface ranged from 2.55 to 9.14 mg 02 1'1 that 
corresponded to 21-90 % saturation. 
The values of pH varied from 6.94 to 7.52. The highest values were found in the Neva 
Bay. DIP, DTP and NH4 + concentrations varied from 0.010 to 0.118, 0.037 to 0.127 
mg P 1-', and 0.020 to 0.201 mg N 1-', respectively. It was found the general tendency 
for an increase in DIP, DTP and NH4 + concentrations from east to west. Concentration 
of NO2 +NO4 ranged between 0.065 and 0.205 mg N 1-' with highest values in the Neva 
estuary. These data indicate an intensive nitrification in the near-bottom water of the 
GOF. In the estuary this process seems to occur more intensively than in the open Gulf. 
Physico-chemical characteristics of sediments 
Water content and porosity of the bulk sediment samples varied from 18 % and 0.35 
for sands to 92 % and 0.97 for fine-grained sediments. 
The upper few centimetres of sediment were oxygenated. An oxidized layer was found 
down to 4-5 cm in the open Gulf, 1-2 cm in the outer estuary and 1-5 cm in the inner 
estuary and the Neva Bay. The sole exception was St. F 41 where only the uppermost 
layer of about 0.1 cm was oxygenated. 
The values of pH varied widely from 6.08 to 7.84. The lowest values were found in the 
Neva Bay and the inner estuary. 
Particulate nutrients in sediments 
The spatial distribution of sediment P in the eastern GOF is generally governed by 
increasing gradient of primary production towards the Neva estuary (Pitkänen et al. 
1993) and bottom dynamics. As a result, TP content in the uppermost 0.1-0.2 cm 
surficial sediment layer in the outer estuary is higher than in other sub-areas (Table 1). 
The spatial distributions of total inorganic and organic sediment phosphorus were similar 
to that of total phosphorus. 
Some typical vertical distributions of particulate total and inorganic P in the sediments 
of the sub-areas are given in Fig. 2. 
In the Neva Bay and the inner estuary, TP content was determined only at three horizons 
in the sediment column - 0.1-0.2, 0.2-1 and 10-15 cm. At most stations in the Neva 
Bay, the vertical decrease of TP content with depth in the sediment was insignificant. 
Obviously, near-bottom currents transport most part of freshly sedimented material to 
the west in the deeper areas. 
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Organic P content in the uppermost sediment exhibits rather low percentage of 11-15 % 
in the Neva Bay and the inner estuary, and 25-33 % in the outer estuary and the open 
Gulf. 
On the average, TP shows more or less constant values with depth below 10 cm. As 
regards to nitrogen, according to data for the outer estuary and the open Gulf presented 
by O. Sandman, the appropriate depth in the sediment is usually about 15-20 cm. 
The N/P ratio in topmost sediment is relatively low: mean estimates are 3 (w/w) and 2 
for the open GOF, and the outer Neva estuary and St. F 41, respectively. Deeper in the 
sediment column the N/P ratio tends to increase to about 4-5 (w/w), that is in line with 
the general findings of preferential P mineralization (Menzel and Ryther 1964; Seki et al. 
1968). 
Nutrients and metals in pore water 
Some typical vertical distribution of DIP, DTP, NH4 + -N and NO- +NO 3 -N in pore 
water of different sub-areas of the GOF are presented in Fig. 3 and 4. The 
concentrations of the various species in the sediments exhibit several patterns of 
concentration with respect to depth. 
Interstitial waters of the estuary and the Neva Bay sediments were generally poor in 
phosphorus. At most stations, DTP concentration was about 0.1-0.2 mg P 1-'. In the 
open Gulf, DTP tended to increase from east to west mainly in reduced sediment. It 
seems likely that this enrichment in P is attributable to the desorption of phosphate 
from metal hydroxides undergoing reduction as redox boundary within the sediment 
moves upward. In this case oxic sediment acts as a trap for phosphate diffusing upward 
and only small portion of it is able to escape to the overlying water. At all stations, the 
most portion of interstitial P was in inorganic forms. The highest interstitial P content 
was found at St. F 41. 
Pore waters of the eastern Gulf sediments are enriched in dissolved inorganic nitrogen 
[D[N: NH4++NO2 +NO3 ]. The concentrations of DIN were as much as 15-16 mg N 1-'. 
Some portion of interstitial N was in oxidized forms, indicating nitrification in the top 
oxic sediment layer. 
It has been found in this study, that interstitial nitrogen concentrations were higher than 
those in the overlying water. As for phosphorus in the Neva Bay, the inner estuary 
and near-shore bays (St. A, 6L and 3K), the interstitial concentrations in the upper 
sediment layers were generally lower than those in the overlying water. 
Vertical profiles of some metals such as iron and manganese are important in order to 
trace the early diagenetic processes, because under certain conditions these metal ions 
are involved in authigenic minerals formation with phosphate within the sediment. In 
this study, pore water metal concentrations were determined at stations in the open 
Gulf and the outer estuary (Fig. 5). Pore waters of the eastern GOF sediments are 
enriched in Mn, while concentrations of Fe in these sub-areas were often below 
detection limit of the applied method of 30 jg Fe 1-'. According to data presented by O. 
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Chemykh (pers. comm.) and Melnichuk et al. (1991), pore waters of the Neva Bay and 
the inner estuary exhibit high content of dissolved Fe (up to about 10000 /,Ig Fe 1-'). 
An increasing gradient of interstitial Mn and Fe content prevails towards the Neva Bay. 
Discussion 
Sedimentation and burial of nutrients 
Sediment nutrients consist of labile and refractory organic and inorganic compounds. 
The former decompose or dissolve within the sediment and release the phosphate and 
ammonium-ions to the interstitial water. The latter behave as inert/almost inert material 
and are buried with the accumulating sediment. 
It was shown (Pitkanen 1991), that the eastern GOF acts as an efficient sink for both 
nutrients. Sedimentation and burial of P and N have been estimated based on data on 
sediment nutrient content, sediment accumulation rate, porosity and dry solid density. 
The estimated values for P and N sedimentation fluxes presented in Tables 2 and 3 are 
of the same order with mean estimates calculated on the basis of annual budgets for TP 
and TN as residuals from the input and output terms of 3.01 mg P m 2 d-' and 8.22 mg 
N m 2 d' (Pitkänen 1991). Nutrients demonstrate more strong sedimentation in the 
Neva estuary, some bays (St. A and 6L) and at St. F 41. 
The average values of the estimated burial fluxes of TP tend to increase from the open 
GOF to the Neva Bay. At most stations in the Neva Bay (sandy silts) the calculated 
sedimentation fluxes are equal to the burial ones. As discussed above, freshly 
sedimented material containing labile phosphorus compounds does not retain at the 
sediment surface in this area and are transported by near-bottom currents to the 
estuary. As a result, sediment phosphorus in the Neva Bay represents mainly refractory 
compounds and, on the average, about 90 % of sedimented P are retained by the 
sediment. 
The estimated burial fluxes of TN in the open GOF are close to those in the outer 
estuary. 
From the sediment organic P data, a mean degradation within the top 10 cm of the 
sediment column taken as a "black box" at steady state (Balzer 1984) has been estimated 
(Table 2). The average values of degradation flux tend to increase from the open Gulf 
to the estuary. The highest values were found at stations 1 and F 41. Therefore, the 
sedimenting particulate organic P at these sites is enriched in labile compounds. 
The estimated burial fluxes of N (Table 3) are within the range of values reported in 
other studies from the Baltic Sea (Kiel Bight and the Baltic proper) of 1.68-9.88 mg N 
m 2 d-'. As regards to phosphorus, the estimated burial fluxes (Table 2) are some higher 
compared to those obtained for other Baltic areas of 0.22-0.67 mg P m2d-' (data cited 
by Koop et al. 1990). There are at least two explanations for this deviation: 
1. sedimenting particulate material in the GOF contains more land-based refractory 
phosphorus compounds than that in the Baltic proper and Kiel Bight; 
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2. sinks for inorganic P within the Gulf sediments are of greater importance than in other 
Baltic sediments. The sinks may include processes of adsorption of phosphates on metal 
oxides and clayey minerals, and authigenic minerals formation. 
The presence of adsorbing agents is supported by the constant phosphate 
concentration in the pore water within the surficial oxic sediment. On the other hand, 
the calculations conducted in this study allowed to suppose the possibility of vivianite 
Fe3 (PO4)2 8H20 and reddingite Mn 3 (PO4)2 • 3H20 formation in anoxic sediments that 
is in line with results of previous study (Melnichuk et al. 1991). Saturation degrees are 
103-1010 for vivianite and 109-10'4 for reddingite with highest values in the more 
freshwater estuary sediments. This result is in agreement with the findings of Caraco 
et al. (1990), who have shown that sediments of most freshwater systems act as more 
efficient sink for P than those of saline-water ones. However, oversaturation does not 
necessarily mean presence of the mineral, due to kinetic factors or interfering ions. 
Diffusive nutrient release 
The portion of the sedimenting nutrients that is not buried must be solubilized and 
returned to the overlying water. The diffusion is considered to be the main transport 
mechanism of dissolved nutrient release from the sediment. 
The diffusive fluxes of phosphate, ammonium, and a sum of nitrate and nitrite were 
calculated by application of Fick's first law. 
As can be seen from the Table 2, the diffusive P fluxes tend to decrease from the open 
GOF to the estuary. At most stations in the Neva Bay, the inner estuary and the 
near-shore bays (St. A, 6L and 3 , concentration gradient of phosphate at 
sediment-water interface was found either zero or directed into the sediment, indicating 
impossibility of diffusive release from the sediment to the overlying water. 
The calculated P fluxes agree with values recorded from the Baltic proper (Koop et al. 
1990) and Kiel Bight (Balzer 1984) of 0.07-1.93 mg P m'2 d-'. The only exception is 
St. F 41, which exhibits the highest flux value. 
In contrast to phosphorus, the N fluxes in the outer estuary are higher than those in the 
open Gulf (Table 3). The highest values of NH4  -flux of 55-59 mg N rri 2 d-' were found 
at stations F 41 and A, NO2+NO3 -flux of 44 mg N m 2 V. at St. SL 41. The NH4+ 
-fluxes at most stations agree with those from the Baltic Sea of 0.07-9.34 mg N m 2 d-'. 
cited by Koop et al. (1990), while the calculated NO2 +NO3 -fluxes are mainly much 
higher than those (up to 3.36 mg N M-2  d- '.) in other Baltic areas. Despite the values of 
NH4 + -flux up to about 19 mg N m 2 d- '. were found in the coastal waters of West 
Sweden, it is possible, that such high values of D1N-flux are hypothetical, because the 
portion of nitrate will be lost due to denitrification. 
There are no direct measurements of denitrification rate from the study area, though 
considerable denitrification intensities have been measured or calculated indirectly both 
in the water column and the sediments in the Baltic proper and in coastal waters of the 
Baltic Sea (Balzer 1984; Ronner 1985; Jorgensen and Sorensen 1988; Koop et 
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al. 1990). 
Sediment denitrification has been proposed as a major process for the depletion of N in 
coastal marine ecosystems (Seitzinger et al. 1980). Nixon (1981) has shown that 
denitrification in sediments leads to the characteristically low N/P ratio and may be 
responsible for nitrogen being the major nutrient limiting primary production. 
Nutrient sediment budget in terms of sedimentation, degradation, burial and release 
In order to compile a nutrient budget within the sediment-water boundary zone, the 
terms of sedimentation, degradation within the sediment column, release and burial must 
be compared (Tables 2 and 3). 
As can be seen from Table 2, in the case of phosphorus, the release calculated as a 
difference between the sedimentation and the burial terms is always far greater than 
diffusive fluxes predicted from pore water profiles. It is clear that one or more 
processes are operating in the eastern Gulf to enhance the effect of molecular diffusion 
on benthic exchange. This enhancement may be attributed to such processes as 
bioturbation, physical stirring of sediments by currents and wave actions, and gas 
ebullition, and is most pronounced in shallow waters, where the real nutrient fluxes can 
be one or two orders of magnitude higher than those obtained from molecular diffusion 
consideration (Aller 1978, 1980; Hammond et al. 1977; McCaffrey et al. 1980; Klump 
and Martens 1981; Rutgers van der Loeff et al. 1984). 
Mainly due to convective transport the retention efficiency of fine-grained sediments 
with respect to P tends to increase with depth from the estuary towards the open GOF: 
19 % of sedimented P is buried within the sediment at St. 1 in the inner estuary, 28 ± 3 
% in the outer estuary and 41± 2 % in the open Gulf. 
Furthermore, some experiments conducted in the course of this study provide support 
for the view that in environments which are characterized by a comparatively low 
sediment accumulation rate, mineralization of nutrients, nitrification and denitrification 
occur primarily in the uppermost flocculent sediment layer, rather than throughout the 
sediment column (Balzer 1984). Therefore, the sediment-water interface may play a 
key role in these processes, that will substantially reflect on nutrient release to the 
overlying water. 
One more evidence for the importance of diffusion from immediate sediment-water 
interface and convective transport in P release from the sediments is the tendency for 
a decrease from west to east of the contribution of P released to the pore water as a 
result of decomposition of organic matter within the sediment column (D), in the total 
P release from the sediment (S-B): 31 ± 2 % in the open Gulf, 22 ± 2 % in the outer 
estuary, 13 ± 3 % in the inner estuary and 0 % in the Neva Bay. 
As for nitrogen, a more essential portion of 50-55 % compared to P of the particulate 
material reaching the bottom via sedimentation is buried within the fine-grained 
sediments. 
If it is supposed that above-mentioned processes, which are able to enhance the release 
from the sediments, effect in much the same manner on both nutrients, the 
underestimation of nitrogen release would also be expected. However, the fluxes 
calculated as a difference between sedimentation and burial terms are always lower than 
those estimated as a sum of NH4 + - and NO2  +NO3  -fluxes on the basis of pore water 
concentrations. Obviously, this result may be explained by process of denitrification, 
which goes more efficiently in the estuary and leads to the loss of inorganic nitrogen. 
As a result, the real content of nitrogen, which is able to escape to the overlying water 
in soluble forms, is much less than that predicted from the pore water concentration. 
Therefore, in slowly accumulated sediments of the eastern GOF, where immediate 
interface is a major site of decomposition, nitrification and denitrification, an average 
annual nutrient exchange across the sediment-water interface can be estimated most 
correctly by comparison of settling with burial fluxes. 
Influence of sediment processes on nutrient cycles in the Gulf 
An effective mixing of water column in the eastern GOF (Pitkänen 1991; Pitkänen et 
al. 1993) is of great importance in returning the part of sedimented and remineralized 
nutrients to the euphotic layer. In order to estimate the potential influence of 
sediment-water exchange as a process in the nutrient cycles in the Gulf, the magnitude 
of P and N release fluxes from the sediments has been compared with phytoplankton 
demand for these nutrients (Gutelmakher et al. 1987; Pitkänen et al. 1993). The 
sediments of the GOF are able to supply generally a small fraction of the required 
nutrients 1,2-10 % of P and 1-5 % of N in the Neva estuary and the open Gulf, and less 
than 1 % of P in the Neva Bay during the late summer and early autumn. Only at stations 
F 41 and 26, benthic regeneration of nutrients seems to provide a significant fraction of 
the daily phytoplankton requirement - 55-60 % of P and about 16 % of N. 
Conclusion 
The results of this study indicate that the sediments of the eastern Gulf of Finland act as 
an efficient trap for phosphorus and nitrogen. An essential portion of the particulate 
nutrient material reaching the bottom via sedimentation is buried within the sediment, 
the rest is released to the overlying water. Due to significant land-based inputs of Mn 
and Fe to the Gulf, large portion of phosphorus is probably adsorbed on metal oxides in 
oxic sediment and occurs in authigenic minerals in reduced sediment. As for nitrogen, 
a substantial portion of ammonium-ions, which is produced during mineralization, is 
likely oxidized to nitrate-ions accompanied by subsequent denitrification and loss of 
nitrogen from the sediment. These processes partly counteract eutrophication of the 
eastern Gulf. 
The uppermost millimetres of sediment can play a key role in rapid degradation of labile 
organic matter, nitrification and denitrification. Less dissolved nutrients are released by 
molecular diffusion from the deep sediment layers. The diffusion from immediate 
sediment water interface and convective transport seem to be of greater importance in 
nutrient release from the sediments. 
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The variations in the intensity of benthic processes in the sub-areas of the Gulf are 
generally determined by the chemical composition and amount of sedimenting material, 
in combination with bottom dynamics. Benthic nutrient flux to the overlying water could 
generally supply a small fraction of estimated phytoplankton nutrient demand in the 
GOF. 
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Table 1. The ranges of TP content in the uppermost (0.1-0.2 cm) surficial sediment layer in the Neva 
Bay and different sub-areas of the eastern GOF, mg P g- ' . D.W. 
Sub-area of the GOF 	 TP 
Neva Bay 0.47-0.91 
inner estuary 0.53-1.28 
outer estuary 2.58-3.42 
open GOF 1.90-2.08 
F41') 4.88 
near-shore bays 0.23-2.99 
Station F 41 is set aside because it is located on accumulation type of bottom (according to Jonsson 
let alO. 1990), while other stations are located on erosion or transition ones, where not only 
sedimentation but erosion and resuspension take place. As a result, the sediment at St. F 41 differs 
sharply in physico-chemical and chemical characteristics from those at other sampling sites. 
Table 2 
Sedimentation (S), degradation (D), release and burial (B) fluxes of phosphorus in the Neva Bay and 
different sub-areas of the eastern GOF, mg P m m 2d-'. 
open 	outer 	inner 	Neva 	F 
GOF estuary 	estuary 	Bay 
Sedimentation 2.10 4.34 7.99 3.12 12.47 
(±0.20) (±0.66) (±1.89) (±0.22) 
Degradation 0.38 0.66 0.84 0.00 2.31 
(±0.04) (±0.08) (±0.28) (±0.00) 
Release (S-B)') 1.26 3.17 5.40 0.11 9.91 
(±0.11) (±0.56) (±1.43) (±0.06) 
Diffusive release 0.17 0.04 0.00 0.00 5.76 
(±0.05) (±0.02) (±0.00) (±0.00) 
Burial 0.84 1.17 2.59 3.01 2.56 
(±0.07) (±0.13) (±0.71) (±0.26) 
*) Release calculated as a difference between sedimentation and burial fluxes. 
Table 3. Sedimentation (S), release and burial (B) fluxes of nitrogen in the Neva Bay and different 
sub-areas of the eastern GOF, mg N m m 2d-'. 
open 	outer 	inner 	Neva 	F 41 
GOF estuary 	estuary 	Bay 
Sedimentation 6.42 7.21 - 	- 	25.15 
(±0.97) (±1.02) 
Release (S-B) )` 2.82 3.72 - 	- 	15.03 
(±0.39) (±0.84) 
Diffusive release 7.52 24.78 1.645") 	0.605") 	55.28 
(±2.13) (±7.27) (±0.76) 	(±0.19) 
Burial 3.61 3.49 - 	- 	11.12 
(±0.63) (±0.58) 
Release calculated as a difference between sedimentation and burial fluxes 
**) Diffusive release of NH4_-ions. 
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Fig. 2. Vertical distributions of TIP (dotted line) and TP (solidline) in sediments at the stations in the 
sub-areas of the eastern GOF 
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3.5 MATHEMATICAL MODELLING OF THE 
EUTROPHICATION AND ITS EFFECTS IN THE GULF OF 
FINLAND - A MASS BALANCE APPROACH 
Oleg Savchuk'), Jorma Koponen'), Rein Tamsalu3,4) 
')State Oceanographic Institute, St. Petersburg branch, Russia 
')Environmental Impact Assessment Centre of Finland 
')Estonian Marine Institute, Estonia 
4~Finnish Institute of Marine Research, Finland 
Introduction 
A common recognition of eutrophication as the most pronounced and immediate threat to 
the Gulf of Finland environment has been further confirmed through "The Gulf of Finland 
Year 1996" studies (Leppanen et al. 1997). According to numerous definitions for the term 
"eutrophication", the phenomenon as a whole can be looked upon as a disbalance in the 
biogeochemical cycles. Thus, it was only natural to use mass balance approach as a 
starting point, common framework and one of the major goals in the Gulf of Finland Year 
studies of eutrophication . 
Being easily comprehended by the research commurlity, mass balances form a single 
formalistic framework for an integral description of the biogeochemical cycles being 
driven by hydrodynamic transport processes, chemical-biological interactions and external 
impacts. At a starting point, first attempts to compile mass budget estimates are very 
useful to reveal and to demonstrate both the "white spots" in current scientific knowledge 
and the gaps in the available data. In a research process, mass balance approach is usually 
used to form an indispensable stem for the whole project providing common platform to 
combine current results of isolated hydrographic, chemical and biological studies and to 
compare their reliability. In the end, mass balances are the best presentation of final results 
to the decision makers as a clear demonstration of possible consequences of different 
management scenarios. 
Similar approach has already been implemented in several projects (e.g. Davidan et al. 
1983, 1990; Savchuk 1986, Savchuk et al. 1988, Wulff 1991, Savchuk and Wulff 1996, 
ForshungsKoncept 1994) This approach is also being implemented within both the 
international MASTIII Project for the Baltic Sea (BASYS), the Nordic Council of 
Ministers "Gulf of Riga Project", ERSEM project as well as in the international 
programmes with European (Cadee et al. 1994) and global (Pemetta & Milliman 1995) 
dimensions. 
It is important to stress that both simple budget estimates most familiar to the water 
research community and seemingly sophisticated simulation models are based on the same 
fundamental assumptions, i.e. balance equations derived from the conservation laws. In 
application to the mass balance description differences between them are mainly 
differences in resolution both in spatio-temporal and variables-interactions domains. In 
that espect the final goals are identical: to trace at relevant scales the fate of eutrophying 
substances entering the water body, how much is recycled and/or accumulated in the 
system due to assimilation, regeneration, sedimentation and exhange with bottom 
sediments and how much and in which direction is exchanged with the adjacent water 
bodies. 
The present state-of-the-art in the ecosystem modelling is still rather far from desirable 
level, comparable, for instance, to meteorological and applied water engineering 
modelling. Therefore, during the Gulf of Finland Year several models have been 
implemented to better substantiate obtained conclusions and recommendations. Although 
being based on the same fundamental principles indicated above, these models are quite 
different by many of particular goals targeted and, correspondingly, by formulations. 
However, these models are similar and complimentary in the main objective - to serve as 
a tool to simulate both the current state of the Gulf of Finland environment and its possible 
changes under different scenarios of external impacts. A brief summary of the main results 
obtained with the models is presented below. 
SUMMARY OF MAIN RESULTS 
3.5.1. THE MARINE SYSTEM MODEL FINEST AND ITS APPLICATION TO 
THE GULF OF FINLAND ECOSYSTEM 
Rein Tamsalu"2, Peeter Ennet'"3, Tilt Kullas', Kai Myrbergz 
') Estonian Marine Institute, 2Finnish Institute of Marine Research, 3ICSC World Laboratory 
Because of great external nutrient load the main environmental problem in the Gulf of 
Finland is eutrophication. The removal of nutrients is expensive and depends on treatment 
methods. So it is important to know where, when and how much we have to put efforts for 
the nutrient load reducing to get satisfactory results. It means, that we have to predict what 
will take place in the Gulf of Finland ecosystem under different external load scenarios. 
This problem can be solved using mathematical models. The ecosystem processes in the 
Gulf of are depending on long-term, seasonal and so-called "ueather" of the sea (diurnal 
and synoptic ) variations. The rehabilitation of the sea is a global problem, associated with 
long-term variations for the whole Gulf of Finland ecosystem. As a first approximation for 
long-term calculations with different loads the multibox model was applied (Tamsalu and 
Ennet, 1995).-To evaluate the potential long-term trends we have done calculations for the 
two different situations: (a) existing external loading and (b) regulated external loading 
(St. Petersburg:-50%; Leningrad region :-30% and Estonia: 10% ). The calculation period 
was 100 years. 
It took almost 5 years from the beginning of load reduction until the nutrients 
concentration begun to decrease and after 10-15 years the steady-state level was reached. 
Load regulation had a remarkable influence on algal growth. The seasonal and marine 
weather processes in the Gulf of Finland are very changeable.due to the variability of the 
bathymetry and weather conditions over the gulf.. The horizontal salinity structure can be 
said consist of three .major frontal zones which are situated in the (1) easternmost part, (2) 
central part, and (3) western part near the Estonian coast (Tamsalu and Myrberg, 1995). 
These fronts seem to be quasi-stationary. The salinity fronts become visible in the current 
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fields where quasi-stationary areas of high current speeds (baroclinic) exist. The Gulf of 
Finland can be roughly divided at least into three different regions according to the current 
fields. Several observations of enhanced production across hydrophysical boundaries 
suggest that mixing due to various processes creates non-nutrient-limited growth 
conditions for pelagic ecosystems (Kononen et al., 1996). For investigations of local 
processes in both hydrodynamics and ecosystem, a full 3D structure should be available. 
The last version of the FinEst model is a complicated one with 3D hydrodynamics and 3D 
ecosystem equations. The introduction of the idea of providing a universal size scale for 
plankton food-web allows us to apply a new approach in plankton ecosystem models. 
Thus, it became possible to take into account the whole spectra of the plankton community 
by four or five size-classes. Using a mass-dependent parametrisation for biochemical 
reactions ( Moloney and Field, 1991) in size-dependent plankton community model the 
number of fitting parameters decreased from 30 to 6. As a result, the plankton community 
equation system can be solved in a mathematically correct form. While a simple plankton 
community sub-model needs very complicated parametrisations and it needs calibrated 
coefficients depending on environmental conditions, the mass-dependent parametrisation 
for size-dependent plankton community food web is simple and has a universal character. 
So, the last version of the FinEst model is a metagnostic or system-oriented model 
(Nihoul, 1994), which provide a view of the real system's dynamics and, accordingly, 
valuable recommendations for advising observational deployments or management 
policies. 
The massive bloom of blue-green algae is recurrent yearly phenomenon in the Gulf of 
Finland in July-September. Intensity of this bloom varies between different years. In the 
Fig. I calculated autumn bloom of blue-green algae in different parts of the Gulf of 
Finland is shown. 
Fig. 1. Autumn bloom of blue-green algae in the Gulf of Finland 
Spatial distribution of blue-green algae in the beginning of September is presented in Fig. 
2. 
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Fig. 2. Distribution of blue-green algae (g C/m3) in the begirming of September. 
Besides of external load of the nutrients, the algal growth is also influenced by entrainment 
and upwelling in the sea., which are generated by weather conditions. Distribution of the 
vertical velocity between mixed and stratified layers in the Gulf of Finland in the 
beginning of September is shown in Fig. 3. 
Fig. 3. Distribution of the vertical velocity (10 4 m/s) between mixed and stratified layers 
The model simulations were focused on years 1994 and 1995, when the special 
observations were carried out on board R/V Aranda. The model results in the Gulf of 
Finland were tested with these observations. The model experiments in the Gulf of Finland 
show that the hydrodynamic processes have an important role in the dynamics of nutrients 
and plankton. 
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3.5.2. THE EFFECTS OF LOAD REDUCTIONS ON ALGAL BIOMASS IN 
THE GULF OF FINLAND 
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Model structure 
The model used for the study is a combined three dimensional hydrodynamical/water 
quality model. Different versions of the model have been applied to about 180 case studies 
since 1975. 
The water currents are calculated by the 3-dimensional multilayer model of Simons and 
Koponen (Simons 1980, Koponen et al. 1992, Virtanen et al. 1986). The water masses are 
treated as horizontal layers interfaced by levels at selected depths. In the horizontal plane 
the model area is subdivided into rectangles with arbitrary mesh intervals in both 
directions. It is also possible to combined separate models with varying resolutions into a 
nested grid system. Explicit finite-difference schemes are used for the numerical solution 
of flow velocities and of water level elevations. The currents in the model are determined 
by the same forces and factors, which affect the currents in reality; wind forcing (or ice 
friction), and atmospheric pressure at the surface, conservation and incompressibility of 
water, internal friction (viscosity), transport of velocity differences with water currents 
(momentum advection), Coriolis force, density differences and water level gradients 
(hydrostatic pressure) and bottom friction. 
Algae is calculated with two approaches. One used iD the eastern Gulf of Finland is 
described in figure 1. 
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Calibration and Scenarios 
Calibration 
The algal biomass dynamics differs much from the Neva estuary to the open sea. There 
were few feasible measurements from the area. The comparisons to measurements was 
done e.g. in the point k8a off the Finnish coast near river Kymi. In the Neva estuary the 
simulated algal biomasses are at the level indicated by various measurements. The results 
of the calibration run are presented in the Fig 2. 
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Fig 2. Calibration results. Left figures are from k8a near river Kymi off the Finnish coast 
and right ones from Neva estuary. Black lines are from surface layer and grey ones from 
bottom. omark is real measurement and +-mark is calculated biomass from the chlorophyll 
a. Variables from up to down are algal biomass, phosphate and nitrate. 
The comparison shows that the nutrient dynamics is very different between the surface and deep 
waters. However, the model achieves the correct dynamics and the levels of concentrations 
satisfactorily. Also dynamics of algal bloom in the spring and late summer are similar to the 
measurements. 
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Scenarios 
The effects of the reductions of the nutrient loads are presented by the relative 
(percentages) decrease of the summer average of algal biomass. Comparison is made for 
the average concentrations, because the conditions and biomass growth are very variable. 
The summer time is used for the averaging period, because it is most interesting for the 
eutrophication. Simulation results of the 50 % reductions are presented in the Fig 3. In 
this figure load reduction effects are shown for one summer only. The effect of the load 
reductions is in reality greater, because of the accumulated effects during several years. 
The major part of loading comes from the St. Petersburg area. So calculations were made 
for both overall load reductions (right figures) and St. Petersburg alone (left figures). The 
figures from up to down are: 50 % reduction of nitrogen alone, 50 % reduction of 
phosphorus alone, 50 % reduction of both nutrients and 50 % reduction of both nutrients 
with 50 % reduction of initial values. 
The simulation results signify that clear effects will be seen even in a short time period. 
The effects of nitrogen reduction are larger than phosphorus. The bottom figures show, 
that the algal biomasses will decrease considerably when also initial values will be halved. 
This demonstrates the effect of the accumulated effects on algal concentrations. 
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Fig. 3. The effect of the load reductions of St. Petersburg (left) and everywhere (right) on 
average algal biomass in summer 1994. Figures from up to down are 50 % N-reduction, 50 
% P-reduction, 50 % N and P-reduction and down 50 % N- and P-reductions with 50 % 
reduction in the start concentrations. 
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3.5.3. NITROGEN AND PHOSPHORUS BIOGEOCHEMICAL FLUXES IN THE 
GULF OF FINLAND SIMULATED WITH THE SYSTEM OF NESTED GRIDS 
MODELS 
Oleg Savchuk, Oleg Andrejev, Alexander Sokolov 
State Oceanographic Institute, St. Petersburg branch, Russia 
Objectives 
To deal with eutrophication at the marine ecosystem level means, in general, to study and 
to model biogeochemical cycles, which are driven by the transport and translocation fluxes 
caused by physical, chemical and biological processes and are subjected to external 
impacts. As mostly the same processes are essentially responsible for the dynamics and 
distribution of toxic substances, studies and modelling of the eutrophication can be 
considered as a necessary step towards modelling of other pollutants as well. The 
resolution of appropriate model both in the spatio-temporal and variables-interactions 
domains is defined by two constraints. 
The model has to be capable to describe all important factors that control the temporal and 
spatial distributions of organic matter and those nutrients that limit primary production in 
marine ecosystem. Therefore, the model is targeted to simulate the fate of nutrients that 
enter to the Gulf of Finland: how much is assimilated and recycled in the water column, 
how much is accumulated in the sediments or returned back into the water, what are the 
losses due to internal sinks and by water exchange. Consequently, a detailed ecological 
description of the biotic communities is by no means an end in itself for this model. From 
all possible ecological relationships and interactions we have tried to choose only those 
that are quantitatively important for large-scale and long-term fluxes of nutrients and 
organic production. 
On the other hand, the model formulation and set-up of numerical experiments has also to 
be consistent with the data availability and reliability. Data are necessary both to give 
initial and boundary conditions and to validate results of simulations. Thus, we consider 
it futile to go into formulations and resolutions that could not be supported andlor verified 
by available data. 
Model formulation 
The tool implemented here to reach objectives outlined above is a system of nested grids 
models developed at the State Oceanographic Institute, St. Petersburg branch (SPB SOI) 
within the national Russian "Baltica Project". This system includes two-dimensional flow 
("shallow water") model, intended mainly to generate boundary conditions for the domains 
with open boundaries, three-dimensional baroclinic hydrothermodynamic model, and 3D 
box ecosystem model. The latter describes coupled nitrogen and phosphorus 
biogeochemical cycles that are driven by relevant interactions within pelagic and 
sediments sub-systems. The variables in the pelagic sub-system are heterotrophs, 
autotrophs, detritus and inorganic nutrients, while the sediment sub-system includes 
"mobile" nitrogen and phosphorus. The biogeochemical fluxes between these variables are 
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defined by such processes as nutrient utilisation by autotrophs, nitrogen fixation, 
trophodynamic interactions and excretion of nutrients by heterotrophs, mineralisation, 
sedimentation of autotrophs and detritus, sediment mineralisation and release of nutrients 
into the water, etc. 
Set-up of numerical experiments 
The implementation of the model was made for environmental situations corresponding to 
two weeks in August and three weeks in November 1991, when abundant data had been 
collected during special multi-ship field surveys within the "Baltica Project". First, the sea 
level variations at the entrance to the Gulf of Finland were calculated with the shallow 
water model and implemented with 3D model to simulate water circulation and 
thermohaline variations. Next, these transport processes were appropriately integrated and 
fed into box biogeochemical model with a box horizontal structure shown in Fig. 1. In 
vertical direction all the boxes have the same vertical resolution with layers confined by 
0, 3, 5, 10, 15, 20, 30, 50, 60 m horizontal surfaces. The deepest boxes have vertical 
extension defined by the bottom depth. 
Fig. 1. The horizontal box structure of the model. 
Verification 
A comparison of simulations with available data shows that the model is capable to 
plausibly reproduce a key features of seasonal dynamics and spatial distribution of 
variables and fluxes (Fig. 2). 
Fig. 2. A comparison of the simulated phytoplankton biomass (a) and primary production 
(b) in August 1991 with aggregated estimates from field data reported by Russian (1) and 
Finnish (2) scientists as wet weight values for biomass and "potential" values for 
photosynthesis. Box numbers shown at abscissa correspond to Fig. 1 
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Retention capacity 
Budget calculations based on simulated biogeochemical fluxes show that under August 
conditions 70% - 100% of the nitrogen load from St. Petersburg region are retained and 
recycled within the eastern part of the Gulf of Finland ecosystem, while under November 
conditions these estimates are decreased to 4% - 14%. 
Predictions 
To demonstrate the model performance for the water management applications three 
numerical experiments were run with the August hydrography but under 50 % load 
reductions from the St. Petersburg area: nitrogen input reduced alone, phosphorus input 
reduced alone, both N and P inputs reduced simultaneously. The effects of reduced inputs 
in the eastern part of the Gulf were quite clearly seen even in these short-term experiments 
after two weeks (Fig. 3). 
Fig. 3. The relative differences of primary production (a) and sedimentation (b) between 
the "standard case" and nutrient reduction scenarios. 
Both in the shallow and offshore waters the effect of nitrogen reduction far exceeds that of 
phosphorus, while for a transient zone the phosphorus reduction is more important than 
the nitrogen reduction. 
To the best of our knowledge these values are the first quantitative estimates of changes in 
the biogeochemical fluxes for possible consequences of input reduction measures made so 
far. However, both further verification and more sensitivity analyses of the model are 
needed to make recommendations derived from simulations more reliable. 
Model predictions con be summarized as: 
Tentative model predictions show that if the 50 % load reduction measures are 
implemented then: 
• the reduction of nutrient inputs takes effect even in a short time, especially in shallow 
coastal waters; 
• the effects of reduced nutrient inputs are more pronounced when reductions are 
implemented along the entire coast rather than in St. Petersburg area alone; 
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• nitrogen reduction is more important for the Gulf of Finland as a whole, while 
phosphorus reduction is most effective in regions receiving substantial amounts of 
freshwater, i.e. estuaries. 	 . 
Consequently, the reduction of both phosphorus and nitrogen inputs is necessary in order 
to counteract eutrophication. However simultaneous reduction of both nitrogen and 
phosphorus should be made in a well considered way in order not to disturb the existing 
ecosystem balance. 
References 
Cadee, N., J. Dronkers, C. Heip, J.-M. Martin, and C. Nolan (Eds.). (1994). ELOISE (European Land-Ocean Interaction 
Studies). Science plan. Ecosystems Res. Rep. Ser. Environ. Res. Progr., 11, 52 p. 
Davidan, I. N., A. M. Aitsam, O. A. Andrejev, G. P. Andrushaitis, A. E. Antonov, H. I. Jankovsky, A. Jarvekulg, M. V. 
Kaleis, A. A. Laane, J.-M. Punning, O. P. Savchuk and B. P. Usanov. (1990). Main results ofthe 
USSRNational Project "Baltica". In XVII Conference of the Baltic Oceanographers. Norrkoping, Sweden. 
Davidan, I. N., A. M. Aitsam, O. P. Savchuk and Y. V. Sustavov. (1983). National project "Baltica" - some preliminary 
results of investigations. In: Ecological Inveshgahons of the Balhc Sea Environment. Riga. 255-264. 
HELCOM. (1988). Activities of the Commission 1987. Baltic Sea Environment Proc., 26. 
Leppänen, J.-M., S. Basova, V. Drabkova, K. Eloheimo, V. Gran, A.-S. Heiskanen, J. Koponen, H. Pitkänen, O. Savchuk, 
I. Shpaer, B. Skakalsky. Eutrophication and its Effects in the Gulf of Finland. ??? 
Ostseeforschungskonzept. 1994. Bundesministerium fur Forschung und Technologie: 315 pp. 
Pennetta, J.C. and J.D.Milliman (Eds.) (1995). Land-Ocean Interactions in the Coastal Zone: Implementation plan. Global 
Change Rep. 33, Stockholm, 215 p. 
Savchuk, O. P. (1986). The study of the Baltic Sea eutrophication problems with the aid of simulation models. Baltic Sea 
Environment Proc., 19, 52 - 61. 
Savchuk, O. P., A. A. Kolodochka and E. S. Gutsabbath. (1988). Simulation ofthe matter cycle in the Baltic Sea ecosystem. 
In: 16th Conference of Baltic Oceanographers. Kiel. 921-931. 
Savchuk, O. and F. Wulff. (1996). Biogeochemical transformations of nitrogen and phosphorus in the marine environment 
- coupling hydrodynamic and biogeochemical processes in models for the Baltic Proper. Systems Ecology 
Contributions, 2, 79 pp. 
Wulff, F. (199 1). Large-scale environmental effects and ecological processes in the Baltic Sea. Research programme for 
the period 1990-1995 and background documents. Swedish Environmental Protection Agency REPORT. 
3856: 226 pp. 
101 
4. SEDIMENT STUDIES & HARMFUL AND TOXIC 
SUBSTANCES 
102 
103 
4.1 SEDIMENTATION IN THE EASTERN GULF OF FINLAND 
METHODS OF INVESTIGATION AND SOME RESULTS FROM THE MARINE 
GEOECOLOGICAL PATROL (MEP) CRUISES. 
M.A. Spiridonov', P.E. Moskalenko', A.E. Rybalko', V.A. Zhamoida', A.T. Kotilainen', and 
B. Winterhalter2. 
' All-Russia Geological Research Institute (VSEGEI) Srednyi Pr., 74, 199026, St. Petersburg, Russia 
2 Geological Survey of Finland, Betonimiehenkuja 4, 02150 Espoo, Finland 
Introduction 
The All Russian Geological Research Institute (VSEGEI) began systematic marine 
geoecological investigations in the Gulf of Finland in 1990. The studies have been 
conducted in close cooperation with researchers from the Geological Survey of Finland 
(GSF), the Finnish Institute of Marine Research (FIMR), the Finnish Environment Institute 
(SYKE), Estonian Geological Survey (EGS) and Institute of Geology, Estonian Academy 
of Sciences. 
The main goals of the program was to improve our understanding of the inter-relationship 
between sea bed geomorphology, sedimentological processes and the possible role of 
technogenic (anthropogenic) input into the marine environment. Special emphasis was 
placed on the study of the coupling between the geological structure, hydrology and biology 
of the region. 
Methods and technology employed in these investigations have been elaborated for the 
program of the Marine Ecological (Geoecological) Patrol (MEP) of the Baltic Sea. The 
MEP program included annual multi disciplinary observations of the geoecological state 
of the Gulf of Finland. Investigations were carried out in three key regions in the eastern, 
central and western parts of the Gulf of Finland. Within these regions 10 key areas were 
distinguished (Fig.1.). 
Methods 
The general setup of the MEP approach included first of all observations on the state and 
development of the geological environment of the Gulf of Finland. The bottom relief, the 
structure and the composition of the upper part of the Quaternary record, and the 
composition, distribution and features of recent sediments were investigated mainly by: 
echo-sounding, side-scan sonar and seismo acoustic profiling (in various frequencies), and 
including substantial geological sampling. The main tectonic elements (faults and fractures) 
and the location of some buried river valleys were also determined. A new method of 
electrometric prospecting was also successfully employed. These methods were used to 
map the distribution of the surficial sediments and clearly differentiate between the coarse 
grained sediments forming shoals and the clayey and silty sediments in the basins. In 
addition, the electrometric methods provided information on the physicochemical 
characteristics of the total (integral) water mass. These methods also help to distinguish 
various parameters such as redox-potential, pH, and electric conductivity that may be 
indicative of contaminants in the water body, and also to identify man-made objects on the 
sea floor or buried within the uppermost geological strata. 
As a result of these investigations the most important details of bottom geomorphology 
were determined, defined more precisely, and mapped. Bathymetric and relief levels, 
separating morphological complexes connected with certain types and forms of relief (e.g. 
slopes, hills, ridges and depressions) were determined. Particular attention was paid to 
peculiarities in bottom relief and to the connection between relief-forming processes and 
processes of sedimentation. In the course of the geo-morphological studies main areas of 
modern sediment accumulation and erosion, as well as, the ways of sediment migration 
were determined, traced and mapped. 
Geochemical investigations of the bottom sediments included the determination of 
anthropogenically derived elements permitting anomalous zones of pollutant accumulation 
to be traced. A gravity corer providing short, undisturbed, sediment cores, with some of the 
overlying water practically intact, was used to sample the soft sediments. A special slicing 
device was used to sub-sample these cores into sections 1-5 cm thick. These core-sections 
of the recent sediments were used to evaluate the vertical distribution of chemical elements, 
characterize their geochemical mobility, determine the age of the deposited sediments and 
accordingly calculate their accumulation rates. These geochemical data also allowed to fix 
zones of accumulation, determine the forms of existence and the possible migration of 
chemical elements in the sediments and in the near-bottom and pore-waters. 
On the basis of these results, the studied areas were divided into; sediment accumulation 
basins (at different bathymetric levels), areas of low sedimentation or net erosion, areas of 
relict sediments, and areas of erosion and/or transportation with ancient deposits exposed 
on the sea bottom (fig.2.). 
Shipboard chemical analysis were done by using x-ray fluorescence method (SPARK-IM). 
The MEP radioactive analytical complex included a gamma-spectrometer "UMKA", a 
radiometric analyser "BETA-L" and an under-water high-resolution gamma-analyser 
"ECOL". 
Hydrogeochemical investigations included determinations of the pollution of sediment pore 
water and bottom waters by heavy metals and bithuminoids, especially by their unstable 
forms. The different analysers, such as "Oximeter", "Ecotest-01 ", "Nitratometer NM- 1 ", 
and "Solex", were used on board the research vessel. 
During the MEP geoecological investigations various other measurements were also 
conducted, including the vertical distribution of hydrological parameters and characteristics 
of the current fields (Gorbatsky, Zhuravlev). The current data was acquired using the 
Acoustic Systems ADCP 3000 BB-DR. 
During the MEP cruise some hydro-optical measurements were also acquired. A 4-channel 
GOI analyser was utilised. The optical properties of the waters were correlated with 
chemical, biological and dynamic conditions. 
Hydrobiological investigations included mainly the study of macro-benthos with a size 
more than 1 mm, because just these organisms are temporally stable and at same time very 
sensitive to changes in the environment (Tchivilev). Additional hydrobiological 
investigations dealt with bacterioplankton, phytoplankton, and zooplankton. Some 
calculations of the saprophytic microflora in the bottom-near water and in the uppermost 
sediments were done to evaluate the sanitary conditions of the eastern Gulf of Finland 
(Silina, Popova). 
For visual landscape observations of the sea floor an under-water camera, an unmanned 
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computerized video-system (PM-500, Fish-101-M), and a manned submersibles with a 
depth rating of 300 meters were used. Videofilms recorded during the observations, was of 
great help when analysing recent conditions and environmental impacts on the marine 
environment. 
The Geological setting 
The Gulf of Finland separates a crystalline bedrock area in the north from an area of Lower 
Paleozoic sedimentary rocks in the south. It has been estimated that the bulk of the erosion 
took place during the Cenozoic, commencing in the Eocene, in connection with the regional 
uplift in Fennoscandinavia, and especially during the late Neogene (the last 5.6 Ma) as the 
result of eustatic lowering of sea level, and during the late Pliocene and Pleistocene (0.010-
2.7 Ma), due to glacial erosion. The basin of the Gulf of Finland is a depression in the 
bedrock topography that formed along the contact between the crystalline basement and the 
sedimentary cover. The northern slope of the sea floor is gentle, conforming to the general 
southwards dip of the basement planation surface, while the south slope is steep and 
represents the submarine continuation of the North Estonian Glint (Puura et al., 1996). 
During the last glacial maximum (at approximately 18-20 ka BP) the Gulf of Finland was 
covered by an ice sheet, with a thickness of more than 2000 meters. Since the deglaciation 
started (approximately 14 ka BP) the Gulf of Finland was free of ice at approximately 11 
ka BP. During the deglaciation meltwaters from the ice sheet transported sediment into the 
Baltic Ice Lake (fig.3.). This material accumulated forming more or less distinct varved 
sedimentary structures. The final drainage of the Baltic Ice Lake occurred ca. 10.3 ka BP 
(Spiridonov, Rybalko, et al., 1988; Björck, 1995), when the ice margin in central Sweden 
retreated north of Mount Billingen. It was the start of the next stage of the development of 
the Baltic Sea, the slightly marine Yoldia stage. The end of the Yoldia stage was reached 
when, as a consequence of continuing land uplift, the connection to the open sea, became 
increasingly shallower. When saline waters no more entered into the Baltic basin, a new 
phase, the Ancylus Lake, was formed. Beginning of the Litorina Sea (at approximately 7-
7.5 ka BP) (Eronen, 1988; Hyvärinen et al., 1992) marks a substantial change in the 
environment of the Baltic . The climate was warm and the influx of marine water resulted 
in marked eutrophication of the entire Litorina Sea. The beginning of the Litorina Sea can 
be distinguished as a sharp boundary in the sedimentary record of the Baltic. At this 
boundary the clayey sediments of the Baltic pass into gyttja-clays or clay-gyttjas, with a 
relatively high organic content, which is indicative of eutrophic conditions. 
Results 
The echo-sounding profiles clearly indicate that sedimentation changes in time and place 
(fig.6.). The sedimentation is not constant and it is not continuous, in the environment like 
the eastern Gulf of Finland. Due to erosion, also the "older" sediments take part in the 
recent sedimentation. These eroded sediments are transported to the deeper sea where they 
accumulate from suspension in the more calm conditions. 
The oxygen concentration at the water/sediment boundary is one of the most important 
geoecological characteristics of the eastern Gulf of Finland connected with recent 
sedimentation. According to our observations the surface of the soft mud is usually covered 
by a thin, brown, oxidized, fluffy layer being indicative of constant normal aeration by the 
bottom near waters. Extremely low oxygen content was observed only at one site, east of 
the Nerva Island. This could be the result of combined natural and anthropogenic effects. 
106 
The areas with the highest rates of clay and silt (mud) accumulation were surveyed. 
Observed rapid accumulation of fine grained sediment in addition to geomorphological data 
were used as criteria in distinguishing geoecological key regions. For example, the 
depositional basins in the eastern Gulf of Finland (fig.4.) Were delineated using this 
principle. This region is characterized by a relatively varied relief, occupying three 
bathymetrical levels from 0-10 to 50-70 meters, and by a complex structure of alternating 
accumulative and erosional conditions of sedimentation. 
Observing the bathymetric position and the type of sedimentary processes involved, 
allowed us to divide the conditions of sedimentation into three genetic types: 
1) wave accumulation; 
2) current and wave-current accumulation; 
3) basins or nefeloid accumulation. 
The last type of accumulation is mainly characterized by sedimentation of silty-mud 
particles under the influence of gravitation. Accordingly specific geomorphological criteria 
for every genetic type of the local depressions or sedimentation basins can be determined. 
For the most part the fine sediments, including anthropogenic sediments, accumulate only 
in such basins. Thus the investigations of these active sedimentary basins formed an 
important part of the marine geoecological studies of the Gulf of Finland. 
Presently it is possible to distinguish four main key areas with Holocene mud sedimentation 
in the eastern Gulf of Finland: 
1) NEVA BAY with a maximum water depth up to 4-5 m and a Holocene sediment 
thickness of 0.5-1.0 m; 
2) SHEPELEV SHOALS (shallow-water area to the west of the St. Petersburg Flood-
Protection constructions). Western boundary of this area is the submarine scarp situated 
between capes Stirsudden (northern coast of the Gulf) and Shepelev (southern coast). Mud 
deposition occurs at a water depth of 18-20 m, and the thickness of Holocene sediments 
is more than 10 m; 
3) SESCAR AREA is situated between the submarine scarp (eastern boundary) and Sescar 
Island (Seiskari) (western boundary) and in the south the area is limited by the shallow 
Koporskyi Bay. Mud accumulation occurs in water depth in excess of 30 m. Thickness of 
the Holocene sediments can exceed 7-8 m; 
4) WESTERN DEEP AREA is situated between islands of Mochnyi and Gogland 
(Suursaari), including the eastern part of Vyborg Bay, where the accumulation of Holocene 
mud attains a thickness of over 10 m. Here mud deposition is observed in water depths 
ranging from 50 to 70 meters. 
Small local depressions, characterized by varying size, configuration, and water depth, are 
observed along the south coast of the Eastern Gulf of Finland. The picture of sedimentation 
has a fragmental character, e.g. due to the geomorphological features of the sea bottom 
surface formed by alternating highs (ridges, hills, etc.) and depressions, such as ancient 
buried river valleys. This is true for the Luga and Koporskyi bays, and for the eastern part 
of the Narva Bay. The depths of mud accumulation vary here from 5-6 m to 15-17 m. 
In the eastern Gulf of Finland, between the capes of Shepelev and Krasnaya Gorka, the 
upper water stratum with a constant gradient was observed at a depth of 12-15 meters 
(fig.5.). In the southern part of area the water stratification is more complex, because of 
mixing and inversion processes. These processes are connected to high hydrodynamic 
activity. The stratification of the water column is mostly stable in the areas of interaction 
between eastern surficial current along the southern coast and the near-bottom western 
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current. In the area of Mochnyi Island and in the southern part of Viborg Bay, the maximum 
gradient in the stratified of water column was fixed at a water depth of 14-16 meters as a 
result of the interaction of the eastern circular current and western out-flow current. 
The vertical distribution of soluble oxygen is similar to the temperature distribution. In the 
near bottom waters the oxygen content decreases to 60-70 % and only at one site close the 
Nerva Island low oxygen concentration (11 %) was observed. 
In the area close to Gogland Island, the north-western current with speeds up to 15 cm/s 
dominated, and to the south-east of Bolshoy Tuters Island a two layer distribution was 
measured. The surficial southbound current, reaching down to the pycnocline, had a speed 
of approximately of 8-10 cm/s, while the westbound bottom current was characterized by 
higher speeds. In the area between islands Mochnyi and Sescar the whole water mass 
moved in a northerly direction with a speed of approximately of 12 cm/s (Gorbatsky). 
For the most part chemical elements are distributed irregularly both through vertical 
geological section and laterally across the bottom (fig.4.). The vertical distribution of e.g. 
Pb, Mn, Cu, showed the greatest variations. In most of the investigated sediment samples, 
the content of heavy metals decreased with increasing depth in the sediment column. 
Increasing of the heavy metal contents in the superficial 1 cm thick layer can be explained 
by the contemporary accumulation or by the processes of compaction of the sediment and 
the removal pore water. Usually the distribution of zones of high and low contents of heavy 
metals depends on the location and direction of main sediment migration. The dilution 
effect caused by changing deposition (sedimentation rates) is important to keep in mind. 
Geochemical investigations include also the determinations of organic matter and 
bithuminoids in the bottom sediments of the eastern Gulf of Finland. Low-polar aliphatic, 
aromatic and acyclic hydrocarbons, connected with the natural processes of synthesis and 
destruction of organic matter, as well as with anthropogenic input, were determined. For 
these analysis sediments were sampled using 0.25 m3 grab-sampler. The presence of 
bithuminoids were observed in nearly every sediment sample. The concentration of 
bithuminoids increased with decreasing sediment grain-size (fig.7.). The highest level of 
bithuminoid contamination was observed in the southern part of Vyborg Bay and along the 
main shipping lane near Seskar Island (Kudryavceva). 
The content of radioactive elements is one of the main geoecological characteristics for 
bottom sediments and near bottom water of the eastern Gulf of Finland. This parameter 
became especially significant after the Chernobyl nuclear accident, when the natural 
background radiation and anomalies connected with the input from the crystalline bedrock 
were locally masked by the input of anthropogenic 137Cs. The maximum'37Cs-activity in 
the sediments of the Gulf of Finland reached 700 bq kg (Kyzyurov, 1994). 
For geoecological evaluation of the eastern Gulf of Finland, geotechnical parameters of the 
bottom sediments were also measured. Hundreds of measurements of sediment density and 
moisture content, carried out at 1 cm intervals, allowed to trace minor changes in the 
physical conditions in the bottom sediments not discernible by visual observation. 
Geoecological conditions 
As a result of six MEP cruises, it is possible to make a general evaluation of the 
geoecological conditions in the investigated areas of the eastern GulfofFinland. This is one 
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of the regions of the Baltic Sea, which is exposed to very high anthropogenic loading, 
caused mainly by the industrial and transport complex of St. Petersburg, the industrial and 
agricultural activities of the Leningrad District, south-eastern Finland and north-eastern 
Estonia. 
The contamination of the geological environments in contact with polluted water and biota 
is also a very important factor affecting the natural conditions of the Gulf of Finland. 
Anthropogenic input from a multimillion population, concentrated to the coastal areas of 
the Gulf with its industrial and municipal wastes, dumping etc. is the main reason of this 
contamination. 
For example in 1988, passing through the Leningrad municipal sewage system and after 
70% waste treatment, 1520 t of bithuminoids, 903 t of Fe, 66 t of Pb, 14 t of Zn, 2800 t of 
P, 9448 t of ammonium nitrogen and 1287 t of synthetic surficial active matter was 
discharged into the Neva Bay. 
The main problem for the Gulf of Finland is the inflow of biogenic pollutants, such as P, 
N, and heavy metals, like Hg, Cd, and Pb. 
The general geoecological evaluation of the environmental conditions of the eastern Gulf 
of Finland includes the following characteristicc: 
1) From a geomorphological point of view, the bottom of the eastern Gulf is rather flat with 
gently undulating, sometimes stepped, with the average water depth of 35-40 meters. 
Within the bounds of the underwater plain gentle slopes, depressions, ridges, hills, forming 
some times high dissected secondary relief, can be distinguished. For the most part the 
bottom relief forms have inherited a glacial or glaciolacustrine nature. In the northern part 
of the Gulf the irregular relief was formed by glacial erosion. 
2) The upper part of the sediments in active depositional basins, up to a thickness of 1-3 
meters are represented by typical muds, characterized by a gradual increase in density with 
increasing sediment thickness. This density increase is controlled by hydrostatic pressure, 
low variations of the grain-size of the sediments, content of organic matter and gas porosity. 
The bottom sediments of the eastern Gulf of Finland are characterized by enrichment in 
some minor elements. The average concentrations of Pb in the bottom sediments of the 
Seskar Shoals is 27.5 mg kg', of the Luga Bay - 40 mg kg', and the Viborg Bay - 43.1 mg 
kg'. The maximum concentrations of V and Cr are observed at Shepelev and Seskar 
Shoals, as well as in the largest sediment basin between the islands of Seskar and Mochnyi. 
The sediments of the Viborg Bay and the western area are enriched in Pb. 
The maximum total concentrations of heavy metals up to 140 mg kg"' were acquired in the 
bottom sediments of the Krasnogorskyi Reid. The concentrations of bithuminoids in these 
sediments reach 10 000 mg kg'. 
The highest concentrations of radioactive elements up to 500 bq kg"' were acquired in the 
bottom sediments of the Luga and Viborg bays. 
The pore waters of Krasnogorsky Reid sediments contain orthophosphates (30-90 mg l-') 
and nutrients (0.1-0.7 mg 1-'). The high concentrations of heavy metals up to 49 mg 1"' were 
measured in the pore waters of the sediments from the area between the islands of Seskar 
and Mochnyi. 
3) The glacial sediments have an important geoecological role among the Quaternary 
deposits. Firstly, till (diamicton) is the main impermeable layer. Besides that, till and glacial 
clays are the main sources of erodable sediment and readily interacting with the pollutants. 
At the same time, as a result of erosion of till, boulder pavements are formed, protecting 
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the sea bottom from further destruction especially in coastal zones. The alternation of clay 
and sandy parts of the Quaternary section, connected with the glacial, glaciolacustrine and 
marine nature of the sediments, controls the engineering-geological and hydrogeological 
conditions of the region, and forms the base for accumulation of recent sediments. 
4) The pre-Quaternary basement over most of the eastern Gulf of Finland consists of 
sedimentary platform rocks, forming the main aquifers of the region, i.e. the Proterozoic 
sandstones and siltstones (Gdovsky and Kotlinsky horizons). In this case the main 
geoecological interest is connected with the fault and fracture systems, together with the 
type, character and intensity of the measurable physical fields within the bounds of this part 
of the crystalline Baltic Shield and the Russian Platform. 
Conclusions 
In conclusion, it has to be underlined that the MEP studies allowed to make some 
recommendations concerning the geoecological conditions of the eastern Gulf of Finland; 
- mobilization, transport and accumulation of the pollutants occur according to the general 
laws of sedimentation; 
- the recent basins (especially, relatively shallow water basins) pose a potential hazard 
because their silty-clay sediments concentrate various pollutants, actively interacting 
between sediment and pore and near-bottom waters; 
- sedimentation changes in time and place, it has a patchy nature (due to e.g. intermittent 
currents, changes in the availability of material, the local geology). The sedimentation is 
not constant and it is not continuous; 
-the dilution effect;. 
-from the geoecological point of view - geochemical and geological barriers, such as river 
mouths, changing of the relief character, the indented coastlines, zones of replacing of 
sedimentation or relief-forming conditions, erosion of coastlines, and the main barrier - 
bottom/water are the main objects of investigations and control. 
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Fig.1. Key areas of the Gulf of Finland: 1 - Neva Bay; 2 - Shepelev Area; 3 - Sescar Area; 
3a - Koporsky Bay; 4 - Western Deep Area; 5 - Viborg Bay: 5a - inner part, 5b - outside 
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Fig.2. Typical geological section of the sediment basin: 1 - Litorina marine muds; 2 - 
Ancylus lacustrine clays; 3 - lacustrine - glacial clays and silts; 4 - till (diamicton). 
Processes: I - accumulation; II - erosion; III - net erosion. Arrows in the figure indicate 
direction of sediment particles tranportation. Thermocline at the water depth of 20 meters 
(approximately) has been also shown in the figure. 
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Fig.3. Maps showing four stages of the history of the Baltic Sea (Eronen, 1988). 
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Fig. 6. Example of an echo-sounding profile from the Viborg Bay. 1 - Litorina and post-
litorina marine sediments; 2 - Baltic Ice Lake limno-glacial deposits; 3 - Luga stage limno-
glacial deposits; 4 - diamicton; 5 - the local erosion depression. 
Fig. 7. The distribution of the silty clayey fraction (A), Cd (B), Pb (C), Cu (D), Hg (E), 
hydrocarbons (G) in the bottom sediments of the Neva Bay. 
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4.2 THE EASTERN GULF OF FINLAND: CHEMICAL 
POLLUTION AND BIOCHEMICAL SELF-PURIFICATION 
Grigori Frumin & Olga Susareva 
Institute of Limnology Russian Academy of Sciences 9 Sevastyanov Str., 196199, St.-Petersburg, 
Russia 
Abstract 
In order to evaluate the current state of the Eastern Gulf of Finland a comprehensive 
investigation of its pollution by harmful and toxic substances was carried out in 1994, 
1995 and 1996. The results indicate a considerable pollution of the gulf waters by 
chloroganic substances (adsorbable organic halogens), heavy metals, phenol and oil 
products. Our researches have shown that at the present time the water quality of surface 
layers of the gulf, as a rule, is characterized as contaminated, while layers of water near 
bottom can be characterized as very polluted. A new index is suggested for estimation of 
biochemical self-purification capacity of water. Values of the index obtained for different 
parts of the gulf led to the conclusion that the gulfs capability for biochemical 
self-purification is relatively low. 
Introduction 
The Gulf of Finland has a strategic significance for Estonia, Finland and Russia. This gulf 
is situated in the territory of the economically developed countries. That is the main reason 
for its pollution. Many chemical substances get into the gulf during their manufacturing, 
processing, transponation and application and as a consequence of emergency situations. 
The input of a large quantity of different types of chemical substances into the gulf led to 
a critical state of its ecosystem, since the input rate of polluting substances is higher than 
the rate of water self-purification. As a result this gulf changes its state from steady to 
ecologically prohibited. 
This information is necessary for the estimation of the present ecological condition of the 
Eastern Gulf of Finland and for the development of the conception of its monitoring. 
Materials and methods 
To characterize the current state of the Eastern Gulf of Finland we have carried out a 
hydrochemical investigation using water and sediment samples collected in 1994, 1995 
and 1996. In the water samples taken from surface layer dissolved oxygen concentration, 
pH, biochemical oxygen demand (BODS), nutrients (C, N, P), content of 26 chemical 
elements, oil products, phenols, 3,4-benzopyrene, chloroform, organochlorine pesticides, 
polychlorinated biphenyl (PCB) and absorbable organic halogens (AOX) were determined. 
Only unfiltered water samples were analyzed. 3,4-benzopyrene, organochlorine pesticides 
and polychlorinated biphenyl were defined in the sediments. Sediment samples (the upper 
0-10 cm layer) were taken from cores. 
The concentrations of chemical elements (metals) were measured through atomic 
absorption spectrometry. The oil products were determined by infrared spectroscopy, using 
tetrachloromethane extraction of the hydrocarbons and separation of the oil products in 
chromatography column filled with activated alumina (Semenov, 1977), the absorption 
intensity was measured in the IR range 3.5-3.7 ,um. The total phenol content was 
determined spectrophotometrically based on colour reaction of phenols with 
dimethylaminoantipyrine under alkaline conditions in the presence of ammonium 
persulphate and ammonium citrate with the following extraction of coloured compounds 
with a mixture of chloroform and isoamyl alcohol (Pinkas et al., 1981). 3,4benzopyrene 
was determined by the method of high performance liquid chromatography. The 
organochlorine pesticides and PCB were defined by method of gas chromatography. The 
AOX in water was determined with a halogen analyzer. 
Nowadays there are more than 20 methods for a complex estimation of pollution level 
based on different classification of water quality as well as on the distinct indices 
(chemical, toxicological, hydro biological, microbiological) which vary in number from 6 
up to 40 (Nikanorov, 1989; Frumin and Barkan, 1995; Kimstach, 1993). Moreover, these 
methods vary in modes of generalization and presentation of data. Nevertheless, there is 
still lack of a single universally accepted method. 
The chief method in a current use in Russia is based on the following expression: 
:C; /PC, 
IWP= ------------- 	 (1) 
6 
where IWP is the index water pollution; Ci and MPCj are the current concentration and 
maximum permissible concentration of substance i. IWP is calculated basing on the values 
of 6 characteristics, where dissolved oxygen content and BODs are obligatory. The rest 4 
characteristics should be chosen so that the IWP value is maximum. The classification of 
the water quality by IWP and maximum permissible concentrations are presented in Table 
1 and Table 2 accordingly. The above-mentioned method was used for the assessment of 
the water quality of the Eastern Gulf of Finland. Table J. 
Table 1. Classification of the water quality by the index of water pollution 
Class of water quality Range of variation 
I Very pure <03  
II Pure 0.3-1 
III Moderately contaminated 1 - 2.5 
IV Contaminated 2.5 -4 
V Polluted 4 - 6 
VI Very polluted 6 - 10 
VII Extremely polluted > 10 
Table 2. Maximum permissible concentrations (MPC), ,ugL-' 
Copper (Cu) 1 Aluminium 	(Al) 40 
Cadmium (Cd) 5 Plumbum 	(Pb) 100 
Zinc (Zn) 10 Iron 	 (Fe) 100 
Cobalt (Co) 10 Phenol 1 
Nickel (Ni) 10 Oil products 50 
Manganese (Mn) 10 
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For the estimation of pollution levels of sediments the following expression was used: 
i 	C; -Cb 
Zt = --------- 	 (2) 
1 	Cb 
where Zt total parameter of pollution, Ci concentration of substance i. Cb background 
concentration of substance i. The least of the determined concentrations is chosen as the 
background concentration for each chemical substance. During the survey senes of 
experiments were carried out in order to evaluate capacity of the Eastern Gulf of Finland 
waters for biochemical self-purification. For this purpose the index of Frumin and Slotina 
(1993) was used: 
(BOD5)g - (BOD5)° 	(BOD5)g - (BOD5)° 	 ( 3 ) 
15 = 	---------------------- _ ------------------------- 
COD°, 	 3.84 
where (BOD5)8 = biochemical oxygen demand in the analyzed water sample in the presence of 
glucose during 5-days; (BODS) = biochemcal oxygen demand in the control sample without 
glucose; CODs, = chemical oxygen demand (dichromate oxidizability) by the glucose, defined 
experimentally or calculated with a known concentration of glucose in the sample (0.02 
mmole.L-'). 
If (BOD5)g = (BODS) then IS = 0.00. If (BOD5)g = 3.84 and (BODS), = 0.00 then IS = 1.00. In 
this manner values of I5 can vary from 0.00 (the lower level of self-purification capacity) up to 
1.00 (the highest level of self-purification capacity). In article (Frumin, Slotina, 1993) was 
suggested the following classification of water bodies depending on index of biochemical 
self-purification (I): 1.00 > I > 0.90 the highest level of selfpurification capacity; 0.90 > I> 
0.30 the mean level of self-purification capacity; 0.30 > I > 0.00 the lower level of 
self-purification capacity. The sampling sites are presented in Table 3. 
Table 3. Sampling sites 
No. st. 	Location 	No. st. 
1 60°050' 29°080' 
2 60°05.0.' 28°43.0' 
3 60°07.0' 28°04.0' 
4 60°07 O 27° 23 0' 
19 60°069' 29° 54.4' 
20 60°087' 29° 42.0' 
21 60°05.5' 29°43.7' 
Location 
24 60° 01.7' 29° 25.4' 
26 59° 58.6' 29° 37 0' 
A 60° 33.4' 28° 21.6' 
3k 60° 04.0' 29°08.0' 
6k 59° 51.5' 28° 41.5' 
61 59° 49.8' 28° 26.0' 
Results and discussion 
In Table 4 average data of the water quality of the Eastern Gulf of Finland depending on 
values IWP in 1994, 1995 and 1996 are submitted. These data show that the water quality of 
the gulf varies over a wide range from moderately contaminated (IWP = 2.0, surface layer, 
1996) up to very polluted (IWP = 7.4, 1 m above the bottom, 1996). 
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Table 4. Average data of the water quality of the Eastern Gulf of Finland in 1994, 1995 and 
1996 
Year Layer IWP 
1994 Surface 4.7 
1995 Surface 2.0 
1995 Near bottom 4.3 
1996 Surface 3.0 
1996 Near bottom 7.4 
Water quality 
Polluted 
Moderately contaminated 
Polluted 
Contaminated 
Very polluted 
The distribution of the water quality of the Eastern Gulf of Finland depending on values IWP 
in 1996 is presented in Table 5. 
Table 5. The distribution of the water quality of the Eastern Gulf of Finland depending on 
values IWP in 1996 
No. st. 
IWP 
Surface layer 
Water quality IWP 
Near bottom 
Water quality 
1 2.5 Contaminated 9.3 Very polluted 
2 2.4 Contaminated 7.4 Very polluted 
3 2.2 Contaminated 4.7 Polluted 
4 2.7 Contaminated 6.9 Very polluted 
19 3.3 Contaminated 7.8 Very polluted 
20 3.3 Contaminated 6.3 Very polluted 
21 2.6 Contaminated 7.6 Very polluted 
24 2.7 Contaminated 8.6 Very polluted 
26 5.0 Polluted 9.1 Very polluted 
A 3.7 Contaminated 6.1 Very polluted 
3k 3.1 Contaminated 7.3 Very polluted 
6k 2.0 Moderately contaminated 7.9 Very polluted 
61 3.3 Contaminated 7.4 Very polluted 
The data presented in Table 5 show that the water quality of the surface layers, as a rule, is 
characterized as contaminated while the layers of water near bottom can be characterized as 
very polluted. These data permit us to allocate the most polluted zones of the Eastern Gulf of 
Finland. For the surface layers of water the following zones should be mentioned: st. 26 
(situated between the island Kotlin and the shore), st. A (Vyborsky Bay), st. 19 (opposite town 
Sestrorezk), st. 20 (opposite town Zelenogorsk), st. 61 (Luzhskaya Bay) and st. 3k (Koporsky 
Bay). The content of the toxic substances in the surface layers of water is given in Table 6. 
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Table 6. The content of the toxic substances in the surface layers of water of the 
Eastern Gulf of Finland in 1996, ucg.L-t 
No. st. BP PCB OCP Ch AOX 
1 - - - - 1.0 
2 <0.002 < 1 <0.2 <5 10.0 
3 - - - - 4.0 
4 <0.002 <1 <0.2 <5 32.0 
19 <0.002 <1 <0.2 <5 19.0 
20 <0.002 <1 <0.2 <5 12.0 
24 <0.002 <1 <0.2 <5 5.0 
26 <0.002 <1 <0.2 <5 24.4 
A <0.002 <1 <0.2 <5 28.8 
3k - - - - 47.5 
6k <0.002 <1 <0.2 <5 0.0 
61 <0.002 <1 <0.2 <5 4.0 
Note. BP - 3,4-benzopyrene, PCB - polychlorinated biphenyl, OCP - organochlorine 
pesticides, Ch - chloroform, AOX - adsorbable organic halogens. 
The data submitted in Table 6 show that the concentrations of the above-mentioned toxic 
substances were less than the limit of detection of the used analytical methods. However the 
present results of the chemical analyses indicate that the surface layers of the water of the 
Eastern Gulf of Finland are polluted by the adsorbable organic halogen (AOX). As will be seen 
fromTable 6 the values of AOX varies from 1.0 ptg.L-' at station I up to 47.5 µg.L"' at station 3k. 
Our researches have shown that the most dangerous chemical substances polluting waters of the 
Eastern Gulf of Finland are the following: chloroganic substances, hevy metals (Cu, Mn, Fe, 
Cd), phenol and oil products. 
The concentrations of ecotoxicants in sediments are listed in Table 7. 
Table 7. The concentrations of ecotoxicants in sediments of the Eastern Gulf of Finland, 
/ig•kg ~ 
No. st. 3,4-benzopyrene PCB Organochlorine pesticides 
2 6.2 17 c5 
4 4.1 <10 <5 
19 24.1 12 10 
20 23.8 15 17 
24 5.9 20 <5 
26 5.1 12 <5 
A 6.8 <10 <5 
6k 0.5 <10 <5 
61 17.8 17 13 
The data presented in Table 7 show that all samples contain 3,4-benzopyrene (100%). PCB were 
found in 6 samples (67%) and organochlorine pesticides were found in 3 samples (33%). Using 
formula (2) and data indicated in Table 7 we have calculated particular (Z) and total (Zr) 
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parameters of the sediments pollution. The results are documented in Table 8. 
Table 8. The particular (Z; ) and total (Zr) parameters of the sediments pollution of the Eastern 
Gulf of Finland 
No. st. Z; (BP) Z. (PCB) Z. (OCP) Z~ 
2 11.4 0.7 0.0 12.1 
4 7.2 0.0 0.0 7.2 
19 47.2 0.2 1.0 48.4 
20 46.6 0.5 2.4 49.5 
24 10.8 1.0 0.0 11.8 
26 9.2 0.2 0 12.6 
A 12.6 0.0 0.0 12.6 
6k 0.0 0.0 0.0 0.0 
61 34.6 0.7 1.6 36.9 
Note. BP - 3,4-benzopyrene, PCB - polychlorinated biphenyl, OCP - organochlorine pesticides. 
As will be seen from Table 8 the most polluted sediment samples were taken at the following 
stations: st. 20 (opposite town Zelenogorsk), st. 19 (near town Sestrorezk), st. 61 (Lushskaya 
Bay) and st. A (Vyborskaya Bay). 
The knowledge about the estimation of the Eastern Gulf of Finland real and potential 
self-purification capacity is necessary to make substantial decisions on environmental quality 
management. The self-purification capacity of certain areas of the gulf was studied using surface 
water samples taken on September 6-10, 1996 at the stations indicated in Table 3. 
Some data for the biochemical self-purification of the waters of the gulf are shown in Table 9. 
Table 9. Biochemical self-purification index values ( I5 ) determined for water samples of the 
Eastern Gulf of Finland by using glucose 
No.st 	 (BODS), mgO2L-' 	 (BODS), mgO2L-1 	I5 
1 
2 
1.31 
0.98 
0.81 
0.33 
0.13 
0.23 
3 1.31 0.65 0.17 
4 1.31 0.82 0.13 
19 2.94 1.47 0.38 
20 1.31 0.00 0.34 
21 2.94 1.14 0.47 
24 2.29 0.49 0.47 
A 2.45 1.31 0.30 
3k 1.73 0.00 0.45 
6k 1.96 0.00 0.51 
61 2.12 0.33 0.47 
As seen from Table 9 levels of self-purification capacity of gulf s waters vary over wide limits 
from IS = 0.13 at station 1 (near island Gogland) up to 0.51 at station 6k (Koporsky Bay). The 
values of the index obtaimed for different zones of the Eastern Gulf of Finland lead us to the 
conclusion that at the present time the gulfs capability for biochemical self-purification is 
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relatively low. 
Conclusions 
Comparative analysis of the results obtained allows to make the following conclusions. 
1. At the present time the water quality of surface layers of the Eastern Gulf of Finland, as a rule, 
is characterized as contaminated while layers of the water near bottom can be characterized as 
very polluted. 
2. The most polluted zones of the gulf are the following stations: st.26, st. A, st. 19, st. 20, st.61 
and st.3k. 
3. The most dangerous chemical substances polluting waters of the gulf are the following: 
chlororganic substances, heavy metals (Cu, Cd, Fe, Mn), phenol and oil products. 
4. The most polluted sediment samples were taken at the following stations: st. 20, st. 19, st.61 
and st. A. 
5. The gulfs capability for biochemical self-purification is relatively low. 
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4.3 THE DISTRIBUTION OF HEAVY METALS AND ARSENIC IN 
RECENT SEDIMENTS OF THE GULF OF FINLAND 
Henry Vallius (*) and Mirja Leivuori (**) 
* Geological Survey of Finland, Betonimiehenkuja 4, FIN-02150 Espoo, Finland 
** Finnish Institute of Marine Research, POB 33, FIN-00931 Helsinki, Finland 
Information on the occurrence of elements in the recent sediment in the Gulf of Finland 
has been scattered. In this study a large number of sediment samples from different parts 
of the Gulf of Finland were studied. The concentrations of cadmium, chromium, cobalt, 
lead, zinc, mercury, iron, arsenic and copper are reported. The vertical and horizontal 
distributions of elements were examined and reasons for the distribution patterns are 
discussed. Estimates of the annual total accumulation of elements in the sediments are 
reported. The highest concentrations of metals were found in surface sediments in the 
easternmost part of the Gulf of Finland, which is influenced by the inflow of the Neva 
river and the loads of the city of St. Petersburg. 
Introduction 
The Gulf of Finland is a narrow basin of the main Baltic Sea. Depth decreases from west 
to east (Fig. 1), and surface salinity from 6 to 0 %o in the same direction. Because it is a 
direct continuation of the Baltic Proper, the saline water of the Baltic deep flows freely in 
assuring that the basic hydrographical changes in the Baltic Proper are reflected in the 
Gulf. High freshwater inflow is an additional influence on the hydrographical conditions. 
The most significant inflow, with clear effects over a larger part of the Gulf is from the 
river Neva, which enters through the city of St. Petersburg; other point sources lie along 
the Finnish, Russian and Estonian coasts. Active sedimentation basins of differing shape 
and size are scattered throughout the Gulf area, with the largest basins located off the 
Estonian coast. 
Most of the sediment sampling in this research was carried out in the open sea since the 
most active sedimentation basins of reliable size and character are located at least a few 
nautical miles from the closest shore. Sediment samples were analysed for total 
concentrations of elements, and the values of cadmium, chromium, cobalt, lead, zinc, 
mercury, iron, arsenic and copper are reported here. Both vertical and horizontal 
distributions were examined, and reasons for the distribution patterns are discussed. 
Estimaties of the annual total accumulation of elements in the sediments are reported. 
Material and methods 
Sampling was carried out in the open sea where the basins can be assumed large enough. 
Basins with a radius of only some tens or hundreds of metres are considered too small to 
receive fresh sediment in all conditions. For purposes of this study, we considered a basin 
of about I x 1 NM to be large enough and the bottoms of all stations were additionally 
checked by echosounding before sampling. Accumulation of sedimenting material also 
varyies greatly within the basins, due in particular to seasonal changes like algal blooms 
and floodings from rivers in springtime. 
Recent soft sediments were sampled with different kinds of gravity corers with a core 
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diameter of 60 mm (Niemistö 1974) or greater. The length of the sediment cores depended 
on the corer: minimum 100 mm and maximum 600 mm. The samples were collected at the 
stations shown in Fig. 2 during 1992 - 1995 during repeated cruises arranged by VSEGEI 
(All. Russia Geological Research Institute) for the Finnish-Russian MEP (Marine 
Ecological Patrol) programme, cruises of FIMR's (Finnish Institute of Marine Research) 
RN Aranda and FEA's (Finnish Environmental Agency) RN Muikku. The total number 
of cores analysed for the study was 51. Immediately after sampling cores were sliced into 
10 mm subsamples and stored frozen (-20 °C) in plastic bags or containers. Many of the 
cores were dated using the method of Kyzyurov et al. (1994), which uses the 
gammaspectrometrically detectable 137-Cs -activity to mark off the depth of April 1986 
(Chernobyl nuclear power plant accident). This dating has been of significant importance 
in determining sedimentation rates in different parts within selected basins of the Gulf 
(Kankaanpää et al. submit.). 
Samples were analysed at the GSF (Geological Survey of Finland) and FIMR laboratories. 
At GSF the sediment samples were freeze-dried and sieved to grainsize < 2 mm, while at 
FIMR they freeze-dried and handled as bulk samples. In both laboratories, samples were 
mechanically homogenized and analysed for total concentrations of heavy metals, arsenic 
and several major elements. 
The chemical dissolution of samples for the determination of total concentrations of 
elements differed at GSF and FIMR. At GSF the samples were digested with hydrofluoric 
acid (10 ml) and perchloric acid for 24 hours and evaporated to dryness on a hotplate. The 
residue was dissolved in perchloric acid (2 ml), evaporated to dryness, dissolved in nitric 
acid and diluted with water. Element determinations were made with an ICP-MS (Perkin-
Elmer Sciex Elan 500) and an ICP-AES (TJA-800, Thermo Jarrell Ash). For mercury a 
microwave-assisted (CEM MDS-2000) nitric acid digestion method was applied (EPA 
1990) and the samples were analyded with a Hg-spectrometer FIMS-400 (Perkin Elmer). 
The analytical reliability was checked by measurements on commercial certified sediment 
reference material SRM 2704 (NIST) and soil sample SO-4 (CCMET). 
At FIMR the samples were dissolved by a modification of the method of Loring and 
Rantala (1992). The samples (0.4 g) were digested with aqua regia (4 ml), hydrofluoric 
acid (2 ml) and boric acid (12 ml, 3 % m/v) in a microwave oven CEM-205 (Leivuori 
1996), except for mercury analyses where they (1 g) were digested with nitric acid (10 ml) 
in an autoclave (Nordforsk 1975). A instrument Perkin Elmer 5100 ZL AAS was used in 
the determinations of Pb, Cd and As. Mercury was determined by a hybrid technique with 
a PE 5100 AAS combined with a FIAS-400 and an amalgamation system. An ICP-AES 
instrument (TJA-25) was used in the measurement of other elements. The commercial 
certified sediment reference materials SRM 2704 (NIST), MESS-1 and BEST-1 (NRCC) 
were used as a check on the analytical reliability. 
Sedimentary basins 
The sedimentary basins in the Gulf of Finland differ widely in shape, size and thickness of 
recent sediments. The Finnish coast is part of the Fennoscandian Shield and the bedrock 
consists of hard crystalline rocks that during repeated glaciations have been abraded into 
a system of scattered hillocks and valleys. The valleys have later been filled by glacial and 
postglacial sediments and now appear as small isolated basins of recent sedimentation. 
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Along the southern coast of the Gulf of Finland, as well as at its eastern end, the bedrock 
consists of younger Paleozoic sedimentary rocks (< I Ma). These rocks are softer and 
much more homogeneous than the Precambrian rocks (> 1.6 Ma) and have been evenly 
worn down by the glaicetions. Thus the basins in those parts of the Gulf are larger and 
much more homogeneous. The thickness of the recent sediments in the sedimentation 
basins of the Gulf varies widely (Vallius et al. 1996). Very often the thickness is less than 
one metre, but occasionally it exceeds five metres (Fig. 3). In some basins the 
sedimentation rate is more or less even throughout, while in others it varies dramatically, 
between 1.5 and 8.0 mm a "' (Vallius et al. 1996). Within basin differences also occur in 
the horizontal distribution of the heavy metals. In the topmost sediments (0-10 mm) 
maximum concentrations of the metals are between 5 and 30 % higher than the lowest 
concentrations. 
Results 
Horizontal distribution of the elements 
The horizontal distribution of the elements at the surface of the recent sediments of the 
Gulf of Finland was studied from data collected during different cruises. The data show 
clear trends in the concentrations of all elements investigated (Fig. 4. a - e). 
Concentrations were relatively high in the Neva estuary and decreased towards the west 
and the deeper waters of the Gulf. The pattern of decrease towards the west differ for the 
various elements, however. The concentrations of some metals, like chromium and iron, 
which under oxic conditions are easily bound into the sediment (Petersen et al. 1996), 
decrease rapidly in the easternmost part of the Gulf. Others like copper, cadmium and 
zinc, which are released from freshly deposited material under oxic conditions, easily 
migrate westward into deeper parts of the Gulf waters and their distribution is therefore 
more even in the eastern part of the Gulf. 
The oxygen content in the near bottom waters of the Gulf was satisfactory throughout the 
study period, though it was low at some isolated spots outside Vyborg Bay in 1995, and 
a total loss of oxygen was noted at some sites north of Suursaari in 1996 (Pentti 
Välipakka, pers. com.). Oxygen plays an essential role in trapping metals in the Neva 
estuary. Chromium, iron, arsenic and cobalt, however are easily dissolved from the 
sediment when the bottom conditions become anoxic, as they do not precipitate by 
formation of sulphide minerals. These metals will then migrate westward as long as the 
conditions remain anoxic. 
The more mobile elements such as Cu and Pb (Fig. 4. a and b) are more highly 
concentrated along the north coast of the Gulf, mainly because of the hydrological 
conditions. Natural submarine barriers at Seiskari and Lavansaari cause the currents to 
flow west along the north coast of the Gulf (Fig. 2). Most of the pollutants from Luga 
Bay migrate north of Lavansaari on their way to the western part of the Gulf, since the 
channel between the mainland and Lavansaari is very narrow. The amount of migrating 
pollutants from Luga is still relatively low, but if the harbour planned for Luga is 
constructed the discharges into the Gulf probably will increase. 
The horizontal distributions of the elements clearly follow the different hydrological 
regions in the eastern Gulf of Finland. As can be seen in Table 1. the highest 
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concentrations of most of the investigated metals are found in the Neva Estuary, which 
can be divided into inner and outer estuaries (Pitkänen 1994). Cadmium concentrations 
(Fig. 4. c) are high in the Neva Estuary but even higher in the Lavansaari-Suursaari area. 
The sea between the Neva Estuary and Lavansaari, which can be considered as the next 
hydrological region, shows clearly decreased concentrations of chromium (Fig. 4. d) and 
cobalt, and concentrations of both these elements are relatively low in the rest of the 
Gulf, though with slightly elevated cobalt concentrations in the Suursaari area. Of the 
mobile metals, copper is present in varying concentrations all over the eastern Gulf, with 
higher concentrations in the inner Neva estuary and along the north coast (Fig. 4. a). 
Mercury concentrations (Fig. 4. e) decrease more or less evenly from the inner Neva 
estuary to Suursaari, and from there westwards the concentrations decrease further. Lead 
(Fig. 4. b) is fairly evenly distributed within the Neva Estuary and from there westward 
the concentrations decrease. Arsenic shows a pattern similar to cadmium, except for the 
clearly lower concentrations in and outside Luga Bay. 
Table 1. Descriptive statistics for studied elements. Concentrations on dry weight basis. 
Cr mgkg-i Cu mgkg-i Cd mgkg-i Zn mgkg-i Pb mgkg-i Hg mgkg-i Fe % 	As mgkg-i  Co mgkg 
Mean 	 87 	43 	 1,23 	209 	52 	0,182 	4,4 	14 	16 
Standard Error 	3 	2 0,09 	13 	 3 0,012 0,1 	1 	 1 
Median 	 84 	44 1,28 	205 	50 0,176 4,6 	14 	17 
Standard Deviation 	22 	11 0,58 	87 	 17 0,087 0,7 	5 	 6 
Maximum (station) 138 (V4) 63 (V4) 2.19 (F44) 513 (SL32) 88 (V4R) 0.392 (V4) 	6.3 (SL2) 28 (LL3A) 27 (F40) 
Minimum (station) 47 (GF1) 18 (GF1) 0.28 (El, 2) 78 (El) 25 (GF1) 0.048 (F62) 3.0 (F41) 6 (V4R) < 10 
Count 43 43 42 42 43 50 	35 41 29 
Vertical distribution of the elements 
The sediment cores were analysed from the surface (0-10 mm) layer down to a depth of 
100 - 250 mm; in some cores subsamples at deeper levels (maximum 600 mm) were also 
analysed, to clarify the background concentrations of the elements. In many samples the 
background is reached within a depth of 100 mm, but in areas with high sedimentation 
rates depths of 250 - 300 mm in the sediment cores are required to reach the background 
values. 
The uppermost parts of the sediment cores in the Neva Estuary contain relatively high 
concentrations of heavy metals. The enrichment factors, which compare surface 
concentrations with the background values, normally vary from less than two to more 
than five, but in extreme cases reach twenty. The natural backgrounds of the elements 
vary depending on the geology of the sampled area. 
Different distribution patterns are found in the vertical profiles (Figs. 5 and 6). The lead 
concentrations in the sediment profiles of the Neva Estuary (Fig. 5, station SL2), where 
concentrations were highest in the 1970s and 1980s, have decreased by 28 % since 1986. 
Concentrations of many other metals, such as copper, cadmium and mercury, also dec-
rease in the upper part of the sediment profile in the Neva Estuary. At station SL2 (Fig. 
6) the concentrtion of zinc is slightly higher in the uppermost part of the profile. The 
vertical profiles from other parts of the Gulf show less dramatic decreases in the element 
concentrations. 
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The decrease in the deposit of metals in the eastern parts of the Gulf of Finland can in 
part be attributed to the current slow-down in industrial production in Russia. Another 
factor may be the mechanical-biological Central Aeration Plant in St. Petersburg, which 
began operations in the early 1980s and which in 1990 had a capacity of 1,500,000 m3d-' 
(NoPEF 1990). Most of the metals are in the form of hydroxides when they come to the 
treatment plant and are therefore not so easily removed. The Kotlin dam (Fig. 2), in Neva 
Bay just outside St. Petersburg, probably also has played a role since the concentrations 
of metals at the stations outside Kotlin appear to have peaked immediately before dam 
construction was begun (1979). A source of bias might be the dilution caused by the 
increased amount of organic matter in the top layer of sediment coming from the profuse 
algal blooms of recent years; on the other hand, one would expect the deposition of 
heavy metals to increase in pace with the deposition of organic matter. 
Annual deposition of heavy metals and comparison with the main Baltic Sea 
Kankaanpää et al. (submit.) have collected data on sedimentation rates (n=97) in the 
whole Gulf of Finland. According to their estimates the average sedimentation rate of 
wet suspended particulate matter (SPM) in accumulation basins is 6 mm a-' . In the 
present study the mean dry weight of the surficial sediment was 12.3 % of wet weight. 
The wet sediment density was 1.2 g cm-3 and thus we calculate a mean accumulation rate 
of 886 g m-2 a-' particulate matter. This rate is equal to an accumulation of 8.7 • 106 tal' 
of SPM, assuming sedimentation basins to cover 1/3 of the total area of the Gulf of 
Finland (Voipio ed. 1981). For metals, annual accumulations in tonnes per year, are 757 
chromium, 374 copper, 10.7 cadmium, 1818 zinc, 452 lead, 122 arsenic, 139 cobolt, 1.6 
mercury and 382 800 iron. These figures are somewhat higher than the estimaties of 
Borg and Jonsson (1996) for the Gulf of Finland. The annual accumulations of cadmium 
and lead are clearly higher in the Gulf of Finland than the Gulf of Bothnia (Leivuori and 
Niemistö 1995), while the accumulations of copper, zinc and mercury are only slightly 
higher. 
Comparison of the mean concentrations of elements in surface sediments in the Gulf of 
Finland, the Gulf of Bothnia and the Baltic Proper reveals sharp differences in some 
values. In the case of cadmium, for example, the mean concentration in the Gulf of 
Finland is about twice that in the Gulf of Bothnia (Leivuori and Niemistö 1995, Leivuori 
1996) and half that in the Baltic Proper. For other elements, mean values are of the same 
magnitude in the two Gulfs, but the maximum value for zinc (almost double) and the 
minimum value for mercury are higher in the Gulf of Finland. 
Discussion 
This study on the concentrations of selected elements in the surface layer of recent soft 
sediments in the Gulf of Finland shows that the trend has improved in the most loaded 
parts in the eastern Gulf. The metals seem to be well trapped in the sediment column. 
However, this will hold true only as long as physico-chemical conditions in the Gulf 
remain stable. A total loss of oxygen in the near-bottom waters, which some scientists 
believe may soon occur, would release a lot of metal into the water column, and this 
metal would then migrate westward into the deeper parts of the Gulf. If oxygen depletion 
were accompanied by changes in hydrographic conditions and currents, the final 
depositon pattern would be hard to estimate. When it is fully operating the Kotlin dam 
will stir up strong currents, which could erode sediments in areas close to the dam and 
release older and more metal-rich sediments to the hydrosphere. 
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The situation in the Gulf of Finland is unstable, as can be seen in the increasing algal 
blooms and decreasing oxygen content in the near bottom waters. Further studies are of 
great importance, since the stability of the metals that are bound in the bottom sediments 
depends on stable physico-chemical conditions. The transportation of metals from source 
areas to more distant accumulation areas needs to be more fully studied and we need to 
know the amounts of anthropogenically released metals that are actually available to 
biota. 
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GF2 SAMPLING AREA, EAST CENTRAL GULF OF FINLAND 
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Fig. 3. Bathymetry of station GF2 area with thickness of the total sediment cover and postglacial 
diments indicated (compiled by Dr. Boris Winterhalter, GSF). 
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4.4 HARMFUL SUBSTANCES IN GULF OF FINLAND BIOTA 
AND SEDIMENTS 
Harri Kankaanpää.'), Markku Korhonen 
') Finnish Institute of Marine Research 
Z) Finnish Environment Institute 
Summary 
This presentation is a interim report of the activities of the Gulf of Finland year's harmful 
substances and sediment groups. These two sub-groups have been responsible for the 
production of new data on contaminants, and compiling the previous knowledge of 
pollution during the Gulf of Finland year 1996. The harmful substances group and the 
sediment group joined their forces in organising and carrying out one of the first studies on 
depostion of organic pollutants in the Gulf of Finland. The members of the groups were 
from Estonian, Finnish and Russian institutions carrying out chemical and 
sedimentological studies in the Gulf of Finland. The groups will produce further 4-5 
reports on the status of contamination in the Gulf, and general sedimentological conditions 
(distribution of bottom deposits, etc.), which will be submitted to the journal Boreal 
Environmental Research by the end of April 1997. 
In this presentation a very brief overview to the essential trends, spatial distributions and 
implications of organic contaminants in the Gulf of Finland will be given. Heavy metal 
studies will be discussed only very briefly, and will be more completely dealed in the 
presentation "heavy metal loading in the sediments", and in future publications. At the end 
of the presentation, the main achievements and needs for future studies are listed. A 
selection of some of the most relevant figures illustrating the Gulf of Finland activities 
during the past few decades are included. 
The ecosystem of the Gulf of Finland is naturally vulnerable to organic pollution. The 
main threats come from the activities of nearly ten million inhabitants living in the 
surrounding area. Also pollutants from the the large catchment area affect the Gulfs small 
water-body of only ca. 1100 km3 volume. 
The harmful substances threatening the Gulf of Finland belong to four main categories: 1) 
organic anthropogenic compounds, 2) trace metals, 3) radioactive elements, and 4) natural 
toxins. Several organic contaminants still enter the Gulf of Finland via atmosphere, as 
diffuse loadings and in effluents from the industry. Groups of compounds that need most 
attention are the PCBs, DDTs, chlorinated pesticides (OCPs), polychlorinated dioxins, and 
polyaromatic hydrocarbons (PAHs). Oil pollution is also a concern, but less well studied. 
Many of the harmful organic compounds originate from incomplete combustion (PAHs, 
dioxins), disposal and disintegration of old condensators, transformers and other electrical 
equipment (PCBs), or are side-products of chemical processes (dioxins from the 
production of wood preservatives and pulp bleaching). Hydrocarbons are essential 
constituents of oil products, entering the Gulf mainly from land-based diffuse sources. 
After the ban of PCBs and DDTs the input of these organochlorine groups to the Baltic 
Sea has declined, but not stopped. 
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Effluents from the paper and pulp industry are also a potent threat, although the use of 
non-chlorinated bleaching agents has reduced the emissions of organochlorines markedly. 
The replacement of chlorine chemicals with other bleaching agents may not substantially 
reduce the ecological impact of the effluents. 
The danger caused by the organic contaminants is due to their high affinity and 
bioaccumulation to lipids (fat tissue), slow biological degradation, and, most 
importantly, their ability to cause disturbances in reproduction and behaviour of marine 
organisms. Many of the compounds are carcinogenic, mutagenic and possibly teratogenic 
(causing embryonic effects). 
The biological samples are by far the most important matrix when determining the 
potential risks of pollutants to humans, but also much attention has been paid to the 
analysis of bottom deposits around the Baltic Sea during the past few years. Sediments 
have a key role in chemical studies of pollution in the Gulf of Finland because deposition 
of particulate material rapidly removes large quantitites of organic material to the sea-
floor. Pollutants may also re-enter the biological chain from sediments via uptake by 
benthic animals. In general, the harmful substances have been analysed in algae, benthic 
animals, mussels, water, fish, and sediments from the Gulf of Finland. According to the 
HELCOM agreement, PCBs, DDTs, some OCPs, and trace metals are constantly 
monitored in two-year-old herring. 
For many matrices, there is an obvious lack of novel data, for example there is no 
published data on PCBs and DDTs in sediments from the 1990's. The latest results on 
organochlorines in sediments are from 1981-1983, when PCBs were at 60 ng/g dw, and 
DDTs at 15 ng/g dw in surface sediments (station XV-1). 
The reasons of the M-74 syndrome, causing mortality of salmon yolk-sac fry, have not 
been fully explained. The most probable reasons for the syndrome may be the amount of 
carotenoids, thiamine and presence of algal toxins in the food of salmon. The increased 
algal blooming causes a potential natural source of contamination by algal toxins, traces of 
which have been detected in flounders and mussels from the Gulf. 
Most of the radioactive contamination in the Gulf of Finland came from the Chernobyl 
nuclear accident of 1986, less from the atmospheric nuclear weapon tests of 1960's and 
disharges of Sellafied (Windscale) and La Hague (France). The short-lived radionuclides 
like 134Cs and 121I have already disintegrated, so that the more persistent nuclides 
137Cs, 90Sr are now most abundant in biota and sediments. The present concentrations 
in fish are so low that they pose no risk to consumers. Soft bottom deposits contain most 
of the deposited nuclides, for instance ca. 160 TBq of 137Cs in Gulf of Finland sediments. 
The Gulf of Finland is threatened by two main 'hot spots'. Industrial and municipal 
loading of organic pollutants from the Neva River - St. Petersburg and Kymi River - Kotka 
town areas are the main concerns. Only very limited data exists on loadings of organic 
pollutants from the Neva-St.Petersburg region. 
The recent observations of extremely high concentrations of polychlorinated dibenzo-p-
dioxins (dioxins) and polychlorinated dibenzofurans in Kymi River sediments are 
alarming. These highly toxic compounds, originated from the use of the wood preservative 
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Ky-5 and from the pulp industry, are a potential threat to the ecosystem of the Gulf of 
Finland. 
The organochlorine pollution from paper and pulp industry is clearly seen in the Kotka 
area and along the Kymi River, and extends to ca. 30 km off the Kotka and Kymi River 
outlets. These emissions are rapidly being covered by new sediment layers in the Gulf, but 
the old deposits may cause problems if the bottom is disturbed by some episodic activity. 
During the field-works of 1996, one automated trap and four single-bottle traps were 
recovered in the end of the field works, and provided data from the end of April to 
October. The traps were placed at station GF2 (open Gulf), Haapasaari (south-east of 
Kotka), Ahvenkoski (Kymi River outlet), and Schepelevskiy (eastern Gulf). The observed 
contaminants included PCBs, DDTs, chlordanes, HCHs, HCB, dieldrin, trans-nonachlor, 
total extractable organic halogen (EOX), okadaic acid (an algal toxin), and total oil (IR 
detection). Dioxins were analysed from the samples from Bay Ahvenkoski, but the results 
are not yet available. In connection with the potential risk of dioxins, recent observations 
of fish caught in Estonia and Finland indicate that higher concentrations of dioxns and 
PCBs are found near the Finnish coast. This may be because of the average coriolis 
current, which transports wastes from the eastern Gulf to the Finnish waters. 
Also during 1996, the compilation of data from Estonia has already produced two reports 
on contaminants in the Baltic Sea's ecosystem (on chlorinated compounds and trace 
metals), which also indicate that the fish catched within the Estonian territories contain 
only low concentrations of PCBs and DDTs. In general, the PCB and DDT levels in fish 
(especially herring) catched in the Gulf have shown a steady decline, but more recently this 
trend has levelled out. This may be because past emissions are being mobilised, or due to 
wearing-off of the effects of the bans. Trace metal levels in Baltic herring are low (Hg < 
0.02 mg/kg fat weight), and levels are somewhat decreasing. 
Illustrative temporal depostions (in 1996) are presented for the organochlorines and total 
oil. The deposition of organic contaminants were strongly linked with the two main algal 
blooms that occured in the beginning of June and late September - October. Interestingly, 
the deposition of trace metals occured predominantly between the two blooms, less during 
the autumnn bloom. Some contaminants, for example hexachlorocyclohexanes (HCHs) 
and chlordanes were predominantly depostited during the first bloom. The fluxes and total 
extrapolated depostion were calculated for each contaminant. Compared with earlier 
estimates of atmospheric and riverine inputs, the results obtained suggest that substantial 
fraction of the chemicals are not deposited to bottom. The final analysis of results will 
provide data for mass-balance calculations. For instance, the depostion of PCBs (7 
congeners) for the accumulation areas (30% of the the Gulf) was ca. 7 kg during the 
experiment. This is only 1 % of estimated input for the whole Baltic Sea. Estimates of total 
oil depostion were ca. 370 tlyear (ca. 0.4-1.5% of the whole Baltic). Anomalous 
concentrations of -HCH (49 ng/g) and DDTs (46 ng/g) were observed at the Haapasaari 
area. 
From the trap placed near Schepelevskiy, high levels (max. 176 ng/g; 14 congeners) of 
PCBs were detected, and suggest that PCBs could be emitted from the St. Petersburg area 
in substantial quantities. However, the flux of PCBs was of the same order as in the open 
Gulf. In the eastern Gulf of Finland, elevated concentrations of the carcinogenic 3,4- 
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benzopyrene have been observed. Like the pulp mill emissions around Finland, 
hydrocarbon pollution in the eastern Gulf seems to be localised to the vicinity of St. 
Petersburg. According to Russian studies, the waters in the eastern Gulf are contaminated, 
due to the presence of chlorinated compounds, oil products, phenols and heavy metals. 
High trace metal concentrations a typical for the eastern Gulf, e.g. Hg up to 0.4 mg/kg dw. 
In general, the compilation of data on organic contaminants in biota and sediments 
indicates that, execpt for the observed few cases, the levels of the most harmful 
compounds are relatively low, and cause no immediate threat to the consumers of fish or 
mussels. However, as can be expected, the concentrations of PCBs and dioxins are higher 
in animals of higher trophic levels, like sea-birds and seals, which therefore are more 
endangered by the effects of these compounds. The risks involved with organic 
contaminants in sediments are difficult to estimate, and the lack of data of many 
contaminants from the 'hot spot'areas leaves many open questions. 
In addition to the above, the achievements of the Gulf of Finland year's activities were: 
1) collaboration between the institutions was improved 
2) a series of important field-works were carried out 
3) new beneficial contacts between institutions in different countries were 
formed 
4) the knowledge of the Gulf of Finland's pollution was improved 
5) new publications on the pollution in the area were produced 
6) the gaps in present knowledge were well recognised 
In general the experiences obtained during the Gulf of Finland year 1996 are that there is 
a need to: 
1) continue the close co-operation between the institutions. Therefore it may be 
beneficial that the organisers of the Gulf of Finland year 1996 consider forming a 
permanent group that is given both financial and other resources to continue the Gulf of 
Finland activities. 
2) concentrate more studies to the Neva - St. Petersburg and Kymi River - Kotka 
regions 
3) follow the possible effects and transport of dioxins in the Kymi River 
4) continue the sediment studies, using both traps and bottom deposits 
5) extend the analysis of organochlorines also to other fish than two-year-old 
herring 
6) estimate the total amounts of pollutants in biota 
7) obtain more data for the mass-balance calculations 
8) follow better the effects of intense algal production (algal toxins) 
9) enhance the exchange of data, especially on loadings in Russia 
10) improve the comparability of data from different countries (method 
intercomparisons, uniforming analyses, etc.) 
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THE MAIN CONCERNS OF ORGANIC POLLUTION 
SUBSTANCE 	SOURCE 	RISK 
PCBs 	 atmosphere. 	small (humans) 
diffuse loading 	real (birds, 
(old electrical 	seals) 
equipment, etc) 
DDTs 	 mainly 	 small (humans) 
atmosphere 	real (birds, 
seals) 
other pesticides 	atmosphere 	small (humans) 
(HCHs, chlordanes, 	 reducing 
etc.) 	 (other animals) 
dioxins and furans 	land-based 	local, unknown 
activities, (humans, 
inceneration 	others?) 
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THE MAIN CONCERNS OF ORGANIC POLLUTION 
SUBSTANCE 	SOURCE 	RISK 
oil pollution 	 diffuse sources, 	difficult to 
ships 	 estimate, 
high (spills) 
polyaromatic 	incomplete 	locally 
hydrocarbons burning, high (all 
oil industry, 	organisms)? 
land-based 
activities 
complex organo- 	pulp industry 	local, 
chlorine mixtures 	(predominantly 	potent 
old emissions) 	(benthic 
animals, 
natural toxins 	algae 	 unknown 
(all animals) 
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KEY RESULTS OF THE TRAP STUDIES DURING 1996 
COMPOUND 	kg % of estimated connect- 
during total to the Baltic ion with 
exper. (annually) blooms 
for GOP 
PCBs (7 cong.) 	7 1 spring 
(autumn) 
DDTs 
	
7 
	
C 
	
spring  
(autumn) 
lindane (y-HCH) 
chlordanes 
total oil (IR) 
total organic 
halogen 
1.4 
0.5 
370 000 
7000*) 
0.5 
2 
0.5-2 
9 
spring 
spring 
spring 
spring 
(SOURCE: FIMR) 
*) Compared with estimates of 1995, this is ca. 30% (same location). 
The difference is probably due to the smaller primary production 
(cold summer) during 1996: total dw deposition was 43% of the 
deposition during 1995. 
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4.5 THE FIRST OBSERVATION OF OKADAIC ACID IN 
FLOUNDERS IN THE WESTERN GULF OF FINLAND 
Vesa Pimiä and Harri Kankaanpää 
Finnish Institute of Marine Research, 
Asiakkaankatu 3 A, P.O. Box 33, 
FIN-00931, Helsinki, Finland. 
Okadaic acid, one of the DSP- toxins, was determined in the liver tissues of the 
flounders.Flounders were fished approximately every four week period during May-
September in 1996. The fishing area locates about two kilometres north from a town 
Hanko in the western Gulf of Finland. For each sampling set were fished about 30 
flounder specimens. The sexual ratio of flounders was 1:2 (males:females).Age of fishes 
varied between 6-7 years. Part of the liver of each flounder specimen was separated. 
Finally the pooled liver sample of all 30 specimens from each sampling set was 
homogenized and used for the toxin analysis. Plankton samples were taken at different 
depths between 0-15 m during May-September. Flounders fished during August 
(19.8.1996) contained okadaic acid about 222 ± 10 ng OA g -' of pooled liver tissue. 
Although the densities of dinoflagellates were rather low this study shows the first 
observation of okadaic acid in fish samples catched in northern Baltic Sea area. 
Introduction 
Okadaic acid (OA) is a polyether toxin, one of the DSP- toxins, that has caused 
gastrointestinal symptoms for humans and histological damages for intestine and liver of 
mouses and rats (Hamano et al. 1985, Dickey et al. 1990). Furthermore okadaic acid has 
found to be a tumor promoter and can also cause protein phosphatase inhibition 
(Hamano et al. 1985,Terao et al. 1993). Also there have been shown some connections 
between okadaic acid and Alzheimer disease (Arendt et al. 1995). 
The presence of DSP- toxins is generally linked with the presence of Dinophysis- genera 
(Murata et al. 1982, Kat 1985, Dickey et al. 1990, Haamer et al. 1990, Pleasance et al. 
1990, Boni et al. 1993). Okadaic acid is observed frequently in the presence of the 
dinoflagellate Dinophysis acuminata (Yasumoto et al. 1985, Cohen et al. 1990, Edler 
and Hageltorn 1990). 
Certain potentially toxic dinoflagellates (f.ex. D. acuminata and D. norvegica) occur 
regularly in the Baltic Sea ärea (Kononen and Niemi 1985, 1986). Also some cysts of 
toxic dinoflagellate species have been found in the Baltic Sea sediments (Dale 1976, 
1983, Wall et al. 1977, Nehring 1994). 
There have been made only a few studies about the dinoflagellate toxins in the Baltic Sea 
area. Pre-studies in 1993 showed small amounts of okadaic acid in blue mussels (Mytilus 
edulis) sampled during May and July (maximum concentration 82.5 ng g dry weight) in 
the eastern- and western Gulf of Finland. This was the first observation of okadaic acid 
in the northern Baltic Sea area (Pimiä et al. 1997). 
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Both in the northern- and central Baltic Sea studies have, until now, concentrated mainly 
to toxic cyanobacteria, especially to hepatoxic cyanobacteria Nodularia spumigena , the 
only systematically studied toxic species in.the Baltic Sea (Persson et al. 1984, Edler et 
al. 1985, Sivonen et al. 1989). 
The accumulation of okadaic acid may transfer from plankton to mussels and again to 
their consumers. The flounders diet contains flex. different mussels.The purpose of this 
study was to find out the possible existense of okadaic acid in flounders liver samples. 
Materials and methods 
During May-September in 1996 30 flounder (Platichthysflesus) specimens were fished 
every 3-4 week in the western Gulf of Finland about two kilometres from a town Hanko 
(Fig. 1). A few hours after fishing flounders were transferred into the Finnish Institute of 
Marine Research and then part of the liver of each specimen was isolated. Also the 
sexual ratio of flounders were determined. Age of flounders were approximately 6-7 
years.The pooled liver samples of 30 flounders were homogenized for the analysis. The 
pooled samples were stored into the freezer (-80 °C) before analysis. 
Plankton was sampled near the fishing area of flounders with the help of hoop net (mesh 
size 10 µm) at different depths; 0,3,5,7,10 and 15 m. Samples were analyzed for the 
dinoflagellate species Dinophysis acuminata and D. norvegica by Utermoehl- technique 
(Utermoehl 1958). 
Analysis 
About 10 g of the homogenized liver sample was treated and analyzed using an HPLC-
method according to Lee et al. (1986). 
Briefly, the method was as follows: The pooled liver tissue was homogenized (Fritz 
Planetary mill pulverisette 5) and then extracted with methanol (Merck p.a.). The organic 
phase was extracted with petroleum ether (May & Baker LTD p.a.) and chloroform 
(Merck p.a.). The chloroform solution was made up to 10 ml, and 1.8 ml of the solution 
was esterified with ADAM (9-anthryl-diatzomethane). The chloroform extract was 
cleaned using a Sep-pak silica column cartbridge (Millipore, Waters Associates, part no. 
51900). 
The fraction containing okadaic acid was carefully eluted from the silica and dissolved 
with o.l ml of methanol. 3 parallel samples of the dissolved fractionate (10, 15 and 20 
ml) were injected to the HPLC- system (pump: Waters M-45; column type: Nova-Pak C-
18 60 A 4 mm, 3.9 x 150 mm, detector: Perkin-Elmer LS-5B Luminescence 
Spectrometer: excitation 365, emission 412 nm). 
The amount of toxin was calculated with the help of ADAM- esterified okadaic acid 
standard solutions. The amount of toxin (ng/g) was normalized using the dry weight 
(1.0-3.0 g) of the mussel soft tissue. 
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Results and discussion 
Okadaic acid was detected in samples fished during August. The amount of okadaic acid 
in pooled liver samples, 222 ± 10 ng OA g' ww, was rather low. Nevertheless this was 
the first observation of okadaic acid in fish samples in the northern Baltic Sea area.The 
sexual ratio of flounders was 1:2 (males: females). 
It is not clear whether okadaic acid can limit or someway weaken the food intake 
efficiency by causing histopathological changes in intestinal villi (Hamano et al. 1985, 
Terao et al. 1993). If the limitation is possible so it may also affect to the physical 
condition in certain sea organisms. 
Also it must be emphasized that okadaic acid has noticed by Arendt et al. (1995) to 
cause some neurological damages to rats even with very low concentrations. 
Concentration of dinoflagellates D. acuminata and D. norvegica varied between a few 
hundreds to about 1900 cells/l near the study area. There was no clear correlation 
between the abundance of Dinophysis- species (acuminata or norvegica) and the amount 
of okadaic acid in liver samples. 
Conclusions 
Although observed okadaic acid amounts in August in 1996 were relatively low, these 
results showed a clear possibility of okadaic acid occurences in the Baltic Sea area. Also 
other researchers have found small amounts of okadaic acid in biological samples during 
low concentrations of toxic Dinophysis- species (Della Loggia et al. 1993). 
Further studies will be needed to research the whole Baltic Sea area for DSP- toxins. 
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Fig. 1. Fishing area of flounders (pointed with a circle and an arrow) for the pre-study during May -
September in 1996. 
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5.1 BIOLOGICAL STATE OF THE COASTAL WATERS OF THE 
GULF OF FINLAND 
Report of the Working Group "Biological State and Changes" 
A.F. Alimov (1), I.V. Telesh (1), P. Välipakka (2), G. Martin (3), I. Viitasalo (4) 
(1) Zoological Institute of the Russian Academy of Sciences, St.Petersburg, Russia 
(2) Southeast Finland Regional Environment Centre, Kouvola, Finland 
(3) Estonian Marine Institute, Tallinn, Estonia 
(4) City of Helsinki Environment Centre, Helsinki, Finland 
Introduction 
Starting the activities of our international team - the Working group "Biological state and 
changes in the Gulf of Finland" within the framework of the "Gulf of Finland Year 1996" 
Program in 1995, we first of all up-dated our ecological knowledge and came to a mutual 
decision to concentrate on the problems of coastal waters of the Gulf. 
At present coastal waters of the Baltic Sea, especially in the north-eastern part, are heavily 
exploited by different kinds of industry and serve for recreational purposes. All these 
human activities bring remarkable changes to the coastal animal and plant communities by 
affecting the habitat quality. 
The present descriptions of flora and fauna of the littoral areas demonstrate obvious 
alterations in the ecosystems of the entire Gulf of Finland. Some of these changes have 
been so drastic that there is a growing public concern and awareness for the coastal zone 
of the Gulf. 
Today we have a good chance to present here, though very briefly, our recent results of 
research in the coastal waters of the Gulf of Finland. 
Russian waters 
In Russian waters, the study of distribution of suspended matters, structural and functional 
characteristics of planktonic and benthic communities in the Neva Estuary were fulfilled 
in 1996. The results of these investigations supported the hypothesis of the progressing 
eutrophication in the southern part of the Neva Bay which had been proposed earlier on the 
basis of data on zoobenthos collected in 1995 (Alimov, Panov et al., 1995; Alimov et al., 
1996). Highest concentrations of suspended matters, chlorophyll "a" and zooplankton were 
recorded in the southern Neva Bay. The increase of the production to decomposition rate 
also speaks in favour of eutrophication process in this area. The basic reason for this is the 
increase in water transparency (due to cease of the dredging activities in the Bay) and high 
concentration of nutrients. Another important factor is the alteration of hydrological regime 
in the bay after the construction of the storm-surge barrier which caused formation of zones 
with low retention efficiency in the south-western and north-western areas of Neva Bay. 
The similar zone exists also in the south-eastern part of the bay. High concentrations of 
phyto- and zooplankton are typical of these stagnant areas. 
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Like in the 80-ies, the process of eutrophication is progressing now in the shallow waters 
of the eastern Gulf of Finland, dense populations of the blue-green algae being common 
there. 
The eutrophication in this area can be accelerated in future dueto potential ecosystem 
impacts of the exotic species-invaders, one of them being the Ponto-Caspian predatory 
cladoceran Cercopagis pengoi. This species was first recorded in the Baltic Sea basin in 
1992 (Gulf of Riga, Ojaveer & Lumberg, 1995), and in 1995 reached high densities in the 
eastern Gulf of Finland (Avinski, pers. com.). Data on seasonal population dynamics and 
distribution of Cercopagis in the Neva Estuary were first obtained during a survey in June-
October 1996 (Krylov, Panov and Telesh , in preparation). The consequences of Cercopagis 
invasion and its potential impact on zooplankton community is the question of future 
investigations. 
However, our recent data afford to speculate on the ability of Cercopagis to control 
indirectly the blue-green blooms. As this predatory invader forms the additional trophic 
level in the pelagic food web of the Gulf of Finland, it may cause the increase of 
concentration of toxic substances accumulated by fish. Mass development of Cercopagis 
also causes negative impact on the functioning of hydro-technical constructions and 
seriously affects the process of water purification. 
Organic pollution in the resort areas of the eastern Gulf of Finland in 1996 was at the same 
high level as in previous years. Water quality in the estuary was assessed using the Integrate 
Index (Balushkina, 1995) based on structural characteristics of zoobenthos. Most parts of 
the studied area were characterized as "dirty" and"polluted". Most parts of the Neva Bay 
are classified as "polluted", and only a small area in the eastern Neva Bay is "moderately 
polluted" (for details see poster: E.V. Balushkina, St.Petersburg). 
The alarming fact is the increase in numbers of zoobenthic organisms with morphological 
abnormalities in the Neva Bay. This may be the result of accumulation of toxic substances 
in bottom sediments. 
We infer that the decision-making and effective management of the degraded areas is 
impossible without understanding how the ecosystem is functioning. As it was shown for 
the Neva Bay, respiration rates of benthic macroinvertebrates can be a useful functional 
parameter reflecting changes in local loading of organic matter derived both from enhanced 
sedimentation due to eutrophication and organic pollution sources (for more details see 
poster: V.E. Panov, A.F. Alimov & S.M. Golubkov, St.Petersburg). 
Estonian waters 
Pelagic and benthic communities in the Estonian waters of the GOF were intensively 
studied during the recent years. 
In August 1996 zooplankton abundance was lower than in 1995 and than the summer 
average for 1993-96. The reason for that could be the low temperature in June and July. 
Further increase in water temperature in late summer and low abundance of planktonic 
crustaceans induced mass development of rotifers (2-3 fold versus normal) in regions, 
where their share is normally high (eastern part of Gulf of Finland). 
Coastal benthic communities are suitable objects for monitoring the state of the coastal 
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ecosystem and changes in the habitat quality. However, due to very low oxygen 
concentrations no macrobenthic life was found in the deeper parts of the Gulf of Finland. 
The investigations of the state of the littoral phytobenthic communities in the southern part 
of the Gulf of Finland during the last few years have been concentrated to the coastal areas 
of cities Tallinn and Kunda and also some research have been carried out in the coastal 
areas of the Lahemaa national park. In Tallinn Bay area the regular monitoring of the state 
of the littoral phytobenthic communities have been carried out since 1992 in the frames of 
the Tallinn - Helsinki joint phytobenthic monitoring project. The results of the investiga-
tions show the distinct changes in the structure of littoral phytobenthic communities in the 
region. These alterations are mainly connected with the changing eutrophication level of 
the coastal sea. 
Some positive trends have been observed in the phytobenthic communities in the highly 
polluted coastal areas of Tallin city. These changes show the slight decreasing of the level 
of eutrophication in the area. So the huge areas inside the Tallinn Bay have been 
recolonised by Fucus vesiculosus and some other "clean" water species. Quite healthy 
stands of Zostera marina were discovered in the inner part of Tallinn Bay during the last 
year. 
Finnish waters 
The recent biological state of the Finnish coastal waters based on the Finnish coastal 
monitoring programme and on the results of Finnish GOF 96 projects made by Finnish 
Environment Institute, Southeast Finland Regional Environment Centre, Uusimaa Regional 
Environment Centre, University of Helsinki and Water & Air Protection Assosiation of 
Eastern Uusimaa and River Porvoo. 
The pronounced blue-green algae blooms were observed in 1996 in the Archipelago of the 
Gulf of Finland, the biggest since the 80-ies. In the middle of August 1996, the surface 
accumulations of cyanobacteria were registered almost everywhere in the Finnish coastal 
waters of the Gulf. Some of accumulations have been floating also to the shore in the 
Archipelago. 
The most dramatic changes observed in the biological studies of the Finnish waters in 1996 
were the alterations in state of the soft bottom benthic communities. Although the oxygen 
deficiency and its effects on the benthos in some Finnish areas (Porvoo & Kotka-Hamina) 
was known from the earlier studies, nobody could expect that kind of extensive oxygen 
deficiency which was found in the the Finnish waters in the late summer 1996 
In the open waters oxygen saturation values varrying between 0 and 20 % were detected 
from stations deeper than 40 m, while in the semi-enclosed coastal basins similar 
concentrations were found already at depths under 25-30 m. The anoxia at the sediment 
surface caused death of the benthic organizms, no living animals were found in these areas 
of the open Gulf and Archipelago basins. Such an extensive loss might cause severe 
changes in the structure of local fish polulations. How serious these changes will be, depend 
on the rate of recovery of the benthic communities and on the oxygen conditions in the 
following years (Uitto, Välipakka & al. in preparation , Myllyvirta & Henriksson, in 
preparation). 
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In some shallow areas with better oxygen conditions the decrease in the diversity of the 
benthic commities and the decreasing densities of the species Macoma baltica and 
Monoporeia affinis were observed. 
In summer 1995 the newcomer species zebra mussel (Dreissena polymorpha) were found 
firstly in Finland. In 1996 modern distribution and regional ecological features of the 
mussel has been studied in the Finnish and Russian waters of the eastern Gulf (Välipakka, 
Antsulevich, Vaittinen, Taskinen, in preparation). Zebra mussels are distributed now along 
the northern coast of the Gulf of Finland from the St.-Petersburg region in the east to 
Pellinki Archipelago in the west. Zebra mussels were found in the Gulf at the deapths of 
1,5-12 m, but mostly they inhabit deapths between 3 m and 7 m. 
Along the Finnish coast the abundance of Dreissena drops down dramatically from East to 
West: from 5-8 ind./sq. m in the region neighbouring to the Finnish-Russian border, to 1 
ind./5-10 sq. m in the area nearby Vehkalahti and Hamina. In the region to the west from 
Kotka the density of mussels can be estimated as 1 ind./1 00 sq. m. 
It can be predicted in the nearest years that the abundance of Dreissena will increase along 
the eastern northcoast of Gulf of Finland. Worth noticing are hereby also the reports of 
discreasing densities of the common hard bottom species blue mussel Mytilus edulis in the 
western Gulf of Finland. The precent distribution borderlines of both mussel species are 
meeting in Pellinki Archipelago. 
In summer 1996 the macroalgal mats with high biomasses of filamentous algae were for 
the first time mapped in the Finnish Southeastern coastal area between Helsinki to Virolahti 
(Lehvo, in preparation). 
The study revealed that the mats could normally occur in rather shallow and sheltered 
archipelago areas, or quite sheltered bays in exposed areas. The mats were found to inhabit 
different types of bottoms, mostly sandy and silty, at the depths of 1 m down to 10 m. The 
occurrence of algal mats was often patchy varying from several sq. cm to approximately 10 
sq. m. The thickness of the mats varied from 1 to 20 cm. 
Under the mats, the anoxic conditions with small amount of black sediments and decaying 
filamentous algae were found in some places. The changes of the phytobenthos algal 
communities are evident not only in locally polluted waters but also on a larger scale over 
fairlyextensive areas. 
The zooplankton studies are not included into the Finnish coastal monitoring programme. 
Therefore, the data on zooplankton in Finnish waters is very poor. However, the changes 
in the zooplankton commuties in the observed Kotka-Hamina sea area have been very 
dramatic. An alien species, Ponto-Caspian predatory cladoceran Cercopagispengoi, was 
found at each of the 19 sampling station. This species was first recorded in the Finnish 
coastal waters in 1995, reaching high densities only in few areas. In 1996 the mass 
development of C. pengoi seemed to be very common in the late summer in all the eastern 
coastal waters: observed densities were 1000 ind./m3 and wet weight 129 mg/m3. The 
preliminary results afford to suggest that C. pengoi is affecting the late summer zooplank-
ton community (Uitto, Välipakka & al., in preparation). 
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General conclusions 
1. At present coastal waters of the Baltic Sea are heavily exploited by different kinds of 
industry and serve for recreational purposes. Human activities bring striking changes to the 
coastal animal and plant communities by affecting the habitat quality. 
2. Areas in the vicinity of big cities (St. Petersburg, Helsinki, Tallinn, Vyborg, Kotka, etc.) 
suffer from local pollution sources. Water ecosystems there are in the alarming state. 
Aquatic organizms are highly susceptible to anthropogenic pressure. Moreover, structural 
and functional parameters of aquatic communities can indicate water quality. However, 
often biological knowledge about these urban sea areas is poor and water quality evaluation 
is problematic. Simple and rapid methods for bioindication of water quality in coastal 
ecosystems are urgently needed. 
3. To prevent environmental damage, it is the right time now to work out concepts for 
monitoring strategy for the phytobenthic zone arround the Gulf of Finland which is strongly 
affected by the anthropogenic impact. 
4. To avoid the development of negative alterations in the coastal ecosystems of the Gulf, 
one of the general goals for the future activities must be: to concerve natural biodiversity 
of aquatic animals and plants. The following recent changes in biodiversity of the Gulf of 
Finland can be mentioned: 
- species diversity of benthic communities decrease; 
1. No living benthos was found deeper than 40 m in the open sea areas in the estem Gulf 
and under 25-30 m depth in the semi-enclosed coastal basins due to anoxia 
2. Common species disappear (blue mussel Mytilus edulis in the western Gulf)); 
- exotic invaders appear (planktonic crustacean Cercopagispengoi, zebra mussel Dreissena 
polymorpha), causing the problem of "biological pollution"; 
- pronounced cyanobacterial blooms, the largest since the 80 'ies, were observed; 
- exceptional development of filamentous algae and algal mats were reported; 
- positive changes are observed in the areas where pollution reduction measures have been 
applied (e.g. recovery of Fucus vesiculosus in Tallinn Bay). 
Preservation of biodiversity in the Gulf of Finland is an important international task. 
Information on the structure and functions of the biota serve the basis for biomonitoring and 
water quality evaluation. Implementation of these projects require coordination of the 
Finnish, Estonian and Russian regional programs for protection and management of natural 
resources of the coastal environment in the Gulf of Finland. 
Recommendations for future activities in the Gulf of Finland 
1. Ecological changes during last years have been more rapid and evident in the littoral 
areas of the Gulf of Finland than in the open sea. Therefore continuous biological 
observations for controlling the ecological situation in the GOF coastal waters are essencial. 
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2. Southern part of the Neva Bay should be under the special control, additional 
anthropogenic stress on this area will cause drastic effects. 
3. The ecosystems state in zones with low retention efficiency in the Neva Bay and the St. 
Petersburg port areas should be monitored. 
4. Special attention should be paid to the evaluation of the ecosystem effects of the 
introduced species in the Gulf of Finland. International project for controlling biodiversity 
in aquatic communities in the Gulf of Finland is needed. 
5. Comparative studies of the different coastal areas should be continued. One example of 
the coastal area must be selected in 1997 for an international pilot field study of the 
possibility to use different bioindication systems for water quality evaluation. 
6. For proper assessment of the state of the coastal environment there is obviously a sertain 
need for establishing the joint littoral monitoring programme for the Gulf of Finland which 
must follow the internationally agreed marine monitoring strategies and methods 
(HELCOM Coastal Monitoring Programme). 
Possible future international projects 
1. Development of methods for evaluation of changes in the phytobenthic zone using 
functional parameters reflecting relationships between processes of production and 
decomposition of organic matter (primary production and respiration in phytobenthic 
communities). 
2. Inter-calibration of methods used in monitoring of phytobenthic communities on hard 
bottoms (possibly on all bottom types). 
3. Development of bioindication system for water quality evaluation in the Gulf of Finland. 
4. Biological pollution: ecosystem effects of the exotic species-invaders (Dreissena 
polymorpha, Cercopagis pen gol). 
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5.2 WATER QUALITY CLASSIFICATION BASED ON 
PLANKTON COMMUNITIES 
Irena V. Telesh and Vera N. Nikulina 
The increasing anthropogenic loading inevitably causes alterations in aquatic ecosystems, 
resulting in water pollution and often in decrease of natural biological diversity. Along 
with routine monitoring of polluted zones, professional ecological expertise based on 
knowledge of general principles of the ecosystem's functioning is of exeptional 
importance for the control of water quality and protection of biodiversity in stressed 
ecosystems. Therefore, it is an urgent need of the development of a system of 
generalized indices which would allow to characterize numerically changes in structure of 
aquatic flora and fauna in the Gulf of Finland, caused by anthropogenic impact. 
Water quality can be assessed by a variety of methods, among which there are 
hydrophysical, hydrochemical, and biological methods. For the adequate assessment of 
water quality, a combination of methods should be used, and this would allow to get the 
statistically reliable results even at the stage of preliminary tests. 
In plankton, we can deal with the composition and numerical data on bacteria, algae 
and animals, keeping in mind that all these three groups of living organisms can 
characterize different aspects of water pollution. 
Thus, increase of the bacterial density witnesses for the organic pollution. The reaction is 
very fast due to the extremely high growth rates of bacteria. The increace in the 
biomass of planktonic algae, concentration of Chi "a", growth of primary production and 
increase of the share of blue-greens in the total phytoplankton biomass - these are the 
after-effects of the nutrients (mainly phosphorus) loading, which leads to anthropogenic 
eutrophication. Zooplankton can react on the pollutants by the alterations in species 
composition, abundance and even by morphological abnormalities. Recently the 
methods for assessment of eutrophication in lakes basing on the zooplankton data were 
reviewed by Andronikova (1996). 
This report presents the results of our attempts to use data on plankton communities for 
water quality evaluation in the Neva Bay of the Gulf of Finland which can also be called 
the upper part of the Neva Estuary. 
This fresh water body has the surface area of about 400 km', mean depth 3.5-4.0 m, and 
mean water residence time 5-6 days (Shildomanov et al., 1989). High water turbidity and 
extremely variable flow regimes are typical for the Neva Bay. The city of St. Petersburg 
and its suburbs are located arround the Neva Bay which suffers greatly from the 
anthropogenic pressure. 
At the Laboratory of Freshwater and Experimental Hydrobiology (Zoological Institute 
RAS, St.Petersburg), the ecosystem studies of the Neva Estuary have been in progress 
since early 80-ies till nowadays (see: "Neva Bay: Hydrobiological Investigations", 
G.G.Winberg and B.L.Gutelmakher (eds), Leningrad 1987; "Communities of freshwater 
invertebrates...", A.F.Alimov (ed.) Leningrad 1988; and series of other publications). 
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The acquired knowledge of the communities structure, ecological physiology and 
population dynamics of organisms in the Neva Estuary, as well as progress in elaboration 
the basic points of the theory of ecosystem functioning (Alimov, 1990) form the 
background for evaluation of the role of biota in this area, and for the development of 
methods for bioindication. 
Phytoplankton 
Actually there are very few parameters of planktonic communities that could play the 
indicative role for the water quality evaluation, sensu stricta. However, we can speculate 
on the ecological state of the water body having the information about species 
composition, abundance and distribution of planktonic algae. 
Phytoplankton 
Species composition of phytoplankton in the central and northern areas of the Neva Bay is 
defined by the Lake Ladoga and Neva River, while in the southern areas phytoplankton 
has different structure (Nikulina, 1987). Distribution of the dominant phytoplankton 
species can characterize well the changes in hydrological regime. 
For example, the present-day distribution of the algal species indicating the Lake Ladoga 
water on one hand (Aulacosira islandica) and the water of the eastern Gulf of Finland 
on the other hand (Scel etonema subsalsum) - affords to conclude that in the areas 
located in the Neva Bay close to the storm-surge barrier, the water flow rate is 
very low, and phytoplankton is accumulated there. Also, species composition of algae 
witnesses that nowadays brackish waters from the Gulf of Finland can hardly penetrate 
into the Neva Bay, only via the Sea Shipping Channel (Nikulina, 1996). 
Numbers, biomass and primary production of phytoplankton 
In 1982-1984, phytoplankton density and biomass in the Neva Bay were rather low, 
especially in the southern areas of the bay, mainly due to low water transparency and short 
water residence time which are two principle factors limiting the phytoplankton growth 
(Nikulina, 1988). However, the potential productivity of this area was significant because 
of the development of euglenoides, chlorococcales and filamentous green algae. 
Thus, inspite of low biomasses, species composition and sesaonal dynamics of 
phytoplankton in the southern Neva Bay were typical of eutrophic conditions. 
In the 90-ies, changes in structure of algal assemeblages in the Neva Bay were 
observed, the role of cryptophytes increased from 0.1 to 10% of total phytoplankton 
biomass (Alimov et al., 1993). Biomass of phytoplankton in the western Neva Bay during 
the 90-ies was significantly higher than during the previous decade (Fig. 1). 
The type of correlation between phytoplankton biomass and water transparency differes in 
three main parts of the Neva Bay: northern, central and southern areas (Nikulina, 1987). 
However, primary productivity is correlated directly with water transparency, and this 
correlation can be used for the prognostic purposes (Gutelmakher et al., 1987) . This is 
really importallt because water transparency in the Neva Bay in the 80ies was low due to 
dredging activities; nowadays these activities are less intensive. 
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The rate of production to decomposition of organic matter can reflect eutrophication 
numerically. During the 80-ies, in the Neva Bay decomposition of organic matter usually 
exceeded primary productions the rate being higher in the southern area of the bay 
(Gutelmakher et al., 1987). 
Blue-green blooms 
The relative importance of blue-greens in the total phytoplankton biomass can say 
much about the water quality (Fig. 2). In the Neva Estuary, the share of blue-greens is 
usually not high, while in the eastern Gulf of Finland blue-green blooms are very 
intensive: up till grades 4 and 5 (Tab. 1, Fig. 2). 
Thus, the long-term study of phytoplankton in the Neva Estuary and eastern Gulf of 
Finland showed that: 
1) primary productivity is generally correlated with water transparency, therefore the 
rate of primary productivity can increase to the same extent as the increase in water 
transparency (Winberg & Gutelmakher, 1987); 
2) the increase of the production to decomposition rate witnesses for the progressing 
eutrophication and can reflect it numerically; 
3) evaluation of the ecological situation in the Neva Estuary using the data on 
phytoplankton can be reliable enough if based on the mid-summer species composition, 
density and biomass (which are close to the mid-August data) 
4) the best criterion for evaluation of water quality on the basis of phytoplankton is the 
assessment of the intensity of the blue-green blooms. 
Zooplankton 
Species composition of zooplankton 
Originally, zooplankton communities in the central part of the Neva Bay are formed by the 
zooplankton which is brought from the Petrokrepost Bay of Lake Ladoga by the Neva 
River. The limnetic zooplankton is transformed in the river due to rather high water flow 
rate and high inorganic turbidity in the up-stream part of the Neva River (Telesh, 1986; 
Telesh et al., 1987). As a result, in the central area of the Neva Bay rotifers constitute 
about 50% of the total zooplankton biomass, Infusoria 28%, Cladocers -20%, Copepoda 
- 3% (Telesh, 1987). Zooplankton density in the Estuary usually in midsummer 
demonstrates 20% increase from east to west. 
For water quality evaluation it is extremely useful to control the total species composition 
of all groups of zooplankters in the water body. However, in practice, it is very difficult 
because this type of monitoring needs hard work of a skilled taxonomist who knows all the 
main groups: Infusoria, Rotifera, Cladocera, Copepoda. 
In total, about 200 zooplankton species are known from the Neva Estuary nowadays. 
However, there are only around 10 - 15 dominant species which form the basis for the 
total zooplankton biomass and production. These are the most important forms, and the 
monitoring of their dynamics should be obligatory for the purpose of water quality 
evaluation. 
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Nevertheless, it is still essential to monitor total species composition and diversity, as 
aquatic organisms are highly susceptible to anthropogenic pressure. Thus disappearance 
of common species, or mass development of alien species is a good criterion for alteration 
of the communities. 
For example, from the literature data we know that in early 20-th century marine species 
were rather common and numerous along the south-western and southern shores of 
the bay (Visloukh, 1913). In 1982, populations of two marine harpacticoid copepods 
Ectinosoma melaniceps and Dactilopodia vulgaris were observed in the macrophyte-
laden southern zone of the Neva Bay (Telesh, 1987). However, after 1982 nobody ever 
found any marine copepod species in the Neva Estuary. This can be the clear witness 
of the fact that marine waters do not any more penetrate into the southern shallow 
areas of the Neva Estuary. 
Another example: a predatory cladoceran Cercopagis pengoi (originally from the 
Kaspian Sea) recently appeared in the Baltic Sea (Ojaveer & Lumberg, 1995), and in 1995 
it was first found in the eastern Gulf of Finland (Avinski, pers. corn.). Seasonal 
dynamics, population growth rates and living habits of this alien species in the Gulf of 
Finland are to be studied very intensively, for we must know the potential effects of this 
invasion on the natural biodiversity, ecosystem state and water quality in the Gulf. 
Actually, this work is in progress in our laboratory now. 
Species-indicators 
Using species-indicators, mainly Infusoria and Rotifera, the saprobic degree of water 
can be evaluated. Many zooplankton species are indicators of different types of water, and 
their mass development in the studied areas can be used as a criterion for the evaluation of 
water quality. However, this criterion can not be considered as the only absolute. 
For example, rotifers from the genera Brachionus are indicators 	of 
beta-alfa-mesosaprobic conditions (polluted waters). Normally they do not live in the 
Petrokrepost Bay of Lake Ladoga where there is the source of Neva River. Consequently, 
they do not normally live in the central area of the Neva Estuary. Thus, if you observe 
mass development of Brachionids in the central basin of the Neva Estuary, this will most 
probably indicate the water pollution. 
But in the near-shore macrophyte associations these rotifers can occur very often because 
they penetrate there from the small waterbodies (ponds and rivers located on the banks of 
the Neva Bay). In this case, it is very important to consider the whole species 
composition of rotifers to be able to say, what is the relative importance of Brachionids. In 
the Neva Bay we often met places where these Brachionid rotifers were living in the same 
community with species indicating clean waters. 
Species diversity of zooplankton 
Species diversity within aquatic communities is closely related with the trophic state of the 
water. Earlier Gilyarov (1969) and Alimov (1990) have demonstrated an inverse 
relationship between the values of the ShannonWeaver index of species diversity (H') and 
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biomass of different groups of planktonic and benthic invertebrates in lakes. Data 
from the Lake Ladoga littoral zone is in general conformity with these observations 
(Telesh, 1996). 
In the Neva Estuary, we analyzed inter-annual dynamics of the Shannon index of 
species diversity for Zooplankton (Table 2). The results show that in the area of the 
stations 42, 43, 17, 14, 6, 18 species diversity of zooplankton during the last decade 
demonstrated a 32% decrease, while in the main part of the central area of the Bay 
biodiversity of zooplankton community has not been changed (Ivanova & Telesh, 1996). 
These results lead to the conclusion that the spatial and long-term dynamics of the 
Shannon index of species diversity for zooplankton can be used for monitoring the 
ecological state of the water body. 
Control of mortality 
Zooplankters are usually very sensitive to toxic pollution. Therefore during our studies 
on the Neva River and Neva Estuary we used a technique of vital staining of the 
zooplankton samples with "aniline blue' for selecting livet damaged and dead animals 
(Seepersad & Crippen, 1978; Telesh, 1987). 
The method allowed to determine that there was relatively high numbers of dead and 
damaged zooplankters in the upper Neva River and in the river within the St.Petersburg 
(up to 50%). In the Neva Bay, average percent of dead organisms was not high (12.4%); 
highest values were typical for nauplii and rotifers (18-34%). In the turbid stagnant 
waters of the bay mortality was low, not exceeding 7.4%. This means that turbidity itself 
does not damage planktonic organisms, and that the community in these turbid waters 
is specific but rather stable. While high degree of mortality in the upper Neva river was 
most probably due to turbidity combined with high water flow rates. During our 
studies of diurnal variation in microzooplankton density at two sampling sites in the 
Neva estuary in June 1997, with sampling interval 7 hours, the method of vital control of 
the physiological state of the organisms (direct observations) allowed to reveal the case of 
mass, extraordinary mortality of infusoria in the Bay during night time (data of T.V. 
Khlebovich). The most probable reason for this case could be the toxic pollution from the 
local source. 
Numbers and biomass of zooplankton 
Numerical data on zooplankton is known to be highly variable, both in space and time. 
For example, spatial variation of rotifers density in the Neva Bay was extremely high due 
to variety of biotopes, each having peculiar structure of the zooplankton community, and 
it can even exceed the seasonal variation in rotifer density (Telesh, 1995). However, 
long-term data on zooplankton can reflect the averaged situation in the water body. For 
instance, the zooplankton biomass in the Neva Bay averaged for May-September was 
surprisingly similar in 1982, 1993 and 1984: 1.00-1.06 mg/l, while the range was 
0.01-10.00 mg/1 (Telesh, 1987). 
We can draw at least two conclusions from these results: 
1) the zooplankton community in the central area of the Neva Bay has a certain degree 
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of stability; and therefore 2) zooplankton biomass in the Neva Bay averaged for the 
summer season (May-September), can be used as a criterion for monitoring the ecosystem 
state of the estuary. 
Total values of zooplankton density and biomass depend on the zooplankton community 
structure. The relative signifacance of Rotifera, Cladocera and Copepoda in the 
community has an indicative role and is very important for monitoring purposes. 
For example, it is well known that in the process of eutrophication the share of rotifers 
in the total zooplankton biomass increases, and small cladocerans become more 
abundant, if compared with copepods (Andronikova 1996). 
In the Neva Estuary, if we compare share of each of these main groups of zooplankters 
in June 1994 and 1991, we can see that share of rotifers in total biomass decreased 
(88% --> 78%), and share of copepods increased (5% --> 17%) (Alimov et al., 1993). Of 
course, we can not deny that the eutrophication is in progress in the Neva Bay. However, 
this result warns that each parameter which we choose for monitoring purposes, should 
be critically appreciated and considered in concordance with other parameters. In our 
case, these changes in the zooplankton community structure most probably can be 
explained by the fact that after the flood barrier construction, the modification of 
hydrological regime favoured the development of crustacens in the central areas of the 
bay. Also, as zooplankton community in the Neva Estuary is determined by and originates 
in Lake Ladoga, the peculiarities of the zooplankton development in the lake could 
influence the situation in the Neva Bay greatly. 
Morphological abnormalities 
As to the effect of toxic pollution, morphological abnormalities can appear in 
zooplankters, mainly crustaceans. This fact was firstly registered in the Neva Bay in 
1986 and described by Silina & Hudoley, (1993), though the authors did not publish 
photographs or schematic drawings of these animals. However, when properly 
documented and illustrated, these morphological abnormalities can serve as a witness of 
toxic pollution. 
Conclusions 
1) Planktonic organisms (bacteria, phytoplankton, zooplankton) react to different 
types of water pollution; this reaction is fast because of relatively short life and high 
reproduction rates of these organisms. Therefore, plankton can characterize mainly the 
short-term effects of pollution. 
2) Permanent anthropogenic pressure results in the environmental changes which can 
be well documented by the long-term data on plankton communities. 
3) Parameters of plankton communities, recommended for the water quality evaluation in 
the eastern Gulf of Finland and Neva Bay: 
A. Phytoplankton 
- species composition 
- species-indicators 
- mid-summer density and biomass 
- production/decomposition rate 
- primary production 
- percentage of blue-greens 
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B. Zooplankton 
- species composition 
- species-indicators among dominants 
- community structure 
- species diversity 
- mean summer density and biomass 
- morphological abnormalities 
- control of the physiological state of organisms and "artificial mortality" 
4) For the adequate evaluation of water quality and the ecosystem changes, a reasonable 
combination of parameters and methods, including hydrochemical, should be used. 
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Table 1. Intensity of blue-green blooms (modified from: Zhukinski et al., 1976) 
Degree of 	 Visual Biomass 
intensity characte- of algae 
ristics (g/m ) 
1 	 few colonies < 1 
(initial) 	 in the water 
column 
Water 
quality 
normal, 
ecologically 
not dangerous 
2 	 numerous 
(low) 	 colonies, 
film of algae 
appeare on the 
water surf ace 
3 	 formation of a 
(moderate) 	 layer of 
floating algae 
4 	 formation of 
(high) 	 "bloom areas", 
blue-greens are 
wind-concentrated 
5 	 the layer of 
(very high) 	 blue-greens 
reaches 5-10 cm 
1-4 
5-10 
11-50 
> 50 
not dangeroue, 
but water quality 
decreaees 
coneiderAble 
decrease 
water quality, 
undesirable for 
maintainance of 
normal productivity 
ecologically 
dangerous 
concentr., 
cause secondary 
(biological) 
pollution and 
oxygen 
deficiency 
toxic 
concentration 
Table 2. Shannon index of the zooplankton species diversity in Neva Bay, data for June-July 1983, 1984, 
1991, 1993 (from: Ivenova & Telesh 1996). Asterisks mark polluted stations. 
Stations 1983 1984 1991 1993 
7 2.66 2.81 2.92 2.79 
12 2.63 2.23 2.59 2.44 
42* 3.16 - - 2.40 
43* 2.86 2.66 3.21 2.46 
17* 3.12 2.51 3.15 1.49 
14* 3.59 2.62 - 2.26 
13 2.90 2.68 2.93 2.80 
9 2.84 2.91 2.81 
I 1 2.57 3.02 
6* 3.23 2.99 2.85 
18* 3.04 2.76 1.82 
River 2.45 2.73 
Average for 
"polluted" 
stations 3.17 2.71 2.76 2.15 
clean 
stations 2.67 2.73 2.81 2.68 
Neva Bay 	 2.92 	 2.72 	 2.78 	 2.38 
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Seasonal dynamics of the phytoplankton biomass (mg/I) 
v 	 vi 	 vie 	 Vili 	1n  
a— 1982-1989 -•-- 1992-1995 
Fig. 1. Seasonal dynamics of the phytoplankton biomass (mg ww/l) in the western Neva 
Bay in 1982-1989 and 1992-1995. 
Mean biomass of the blue-greens (mg/m3) 
in the Neva Estuary (summer-fall) 
E 
Neva Bay 
..... 	...._ ............... 	.................... 	 .............. 
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0 
Fig. 2. Mean biomass of the blue-greens (mg ww/m3) in the Neva Estuary (summer fall). 
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5.3 NEW INTEGRATED INDEX FOR WATER QUALITY 
EVALUATION BASED ON STRUCTURAL 
CHARACTERISTICS OF ZOOBENTHOS 
E.V. Balushkina 
Zoological Institute RAS 
199034, St.-Petersburg, Universitetskaya nab. 1, Russia 
The establishment of hydrobiological service for water quality control began in our 
country about 20 years ago. Many parameters and indexes were created on the basis of 
observations in bodies of water in Europe. They were tested therefore in some of our 
bodies of water, watercourses and then partially recommended for usage. But the 
necessity to adapt these methods to conditions in bodies of water of our country was 
emphasized. 
For zoobenthos it appeared impossible to use the method of indicator organisms 
because of significant distinction of benthic fauna in many regions of our country and 
Europe and because of absence of experts, who could develop a system of benthic 
indicator organisms. 
Results of application of different methods for the assessment of water quality in the 
north-western region, based on zoobenthic animals, are presented in works by N.P. 
Finogenova, A.F. Alimov, (1976) and E.V. Balushkina (1976). 
Results of long-term researches carried out abroad along these lines are reviewed in 
the book Freshwater biomonitoring and benthic macroinvertebrates (1992). The chapter 
devoted to criteria of assessments of ecosystem health emphasizes that distribution, 
structure and benthic community dynamics is the key to understanding the state and 
changes in the functioning freshwater ecosystem (Reice, Wohlenberg, 1992). 
It should be taken into account however, that many indices were created for the 
assessment of the degree of pollution by organic matter; their behaviour under 
conditions of a heavy toxic pollution is poorly known. The impact of toxic and organic 
pollution on aquatic ecosystems (including bodies of water studied by us) brings about 
conditions leading to complicated rearrangements in benthic animal communities; 
different explanations of these rearrangements have been proposed. Methods of 
saprobic analysis permit the assessment of water quality in ecosystems subject to 
organic pollution. The mixed character of pollution by organic and toxic substances 
gaining in importance with the development of industry in our region required the 
development of system for the assessment of their impact on the biota. 
The interpretation of changes in community structure in order to provide 
characterization of water quality under conditions of anthropogenic impact may be 
more or less successful depending on specific features of external effects, 
characteristics of the ecosystem (morphometry, drainage), degree of changes, occurring 
in benthic communities, systems of assessment. The more comprehensive the 
characterization of the animal community and changes caused by human impact the 
more adequate the assessment of water quality. 
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Therefore we have to pass from the controversial assessment of water quality based 
upon different indices to an integrated one including a set of indices providing the 
most complete characterization of an animal community as a whole and reflecting 
specific features of human impact on an ecosystem. 
Selection of parameters for the assessment of conditions in the studied watercourses and 
bodies of water from zoobenthos was based upon the following principles. 
The parameter should reflect: 1) the impact of pollution of organic and toxic substances 
on benthic animals 2) changes in the dominant and subdominant groups of benthic 
animals, 3) changes of the structure of the community as a whole. 
Therefore we used the following indices for the assessment of water quality: 
1) Trent Biotic Index (Woodiwiss, 1964), 2) Index Kch, based on the structure of 
chironomid communities (Balushkina, 1976), 3) Goodnigth and Whitley's index 
(Goodnigth, Whitley 1964), 4) Saprotoxic index (Jakovlev, 1987). 
Biotic index (or TBI - Trent Biotic Index) incorporates availability of animal groups 
that can be regarded as indicators of water quality. The "group" includes species or 
complexes of species, the index significance of which is evaluated depending on the total 
number of groups of animals in a sample. The biotic index therefore evaluates structure 
of a community as whole. The insufficient correlation of "group" with the numbers of 
animals constituting it can be regarded as one of its drawbacks. It is necessary to keep 
in mind that under conditions of impoverished fauna particularly on clean sand one 
should select more samples in order to reflect the variety of fauna under these conditions. 
In the opposite case the significance of a very small "group" can be overestimated. 
Oligochaetes is a predominant group of benthic animals in many studied bodies of 
water, and therefore change in their numbers can be useful for the assessment of their 
condition. The index of relationship between abundance of oligochaetes and total 
abundance of zoobenthos (No / Nc ), (Goodnight, Whitley, 1961) reflects to a greater 
degree pollution with organic matter and nutrients, accumulation of mineral particles on 
the bottom of a body of water; pollution in this case can be considered to be less toxic 
because of low sensitivity of oligochaetes to toxic pollution. 
One of its drawbacks is that showing the tendency of a benthic community towards 
monoculture the index does not incorporate species diversity of oligochaetes and possible 
presence of species requiring clean water among them. 
Chironomids occurred in nearly all bodies of water studied. Larvae of chironomids of the 
genus Chironomus frequently formed aggregations near places of inflow or domestic 
wastes. In places of significant accumulation of heavy metals in water and ground they 
were either predominant or remained the only inhabitants of the bottom. 
Index Kch for determining water quality on the basis of Chironomid communities has been 
developed: 
adt + 0.5 ach 
Kch = ---------------- 
ao 
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where ach is a Chironominae, ao is a Orthocladiinae and Diamesinae, at is 
Tanypodinae, where a = N+10, where N is relative abundance of individuals of all 
species of this subfamily expressed as percentage of the total numbers of individuals of all 
chironomids. Kch index values from 0.136 to 1.08 characterize clean waters, 1.08 -
6.05 moderately polluted waters, 6.05 - 9.0 polluted waters, 9.0 -11.5 dirty waters. 
Kch index value in the rivers of Leningrad, Kaliningrad and Moscow regions and in the 
eastern part of the Gulf of Finland shows a close correlation with the content of dissolved 
oxygen, ammonium, amount of saprophytes and phosphates and species diversity index 
( Balushkina, 1976, 1987). 
The Yakovlev index (Yakovlev, 1987) is developed based on data for a large number of 
bodies of water and watercourse of the Kola north, from results of comparative 
toxicological studies of wastes of industrial enterprises of different profiles (Yakovlev, 
1988) 
E (St; * n.) 
St = 
N 
Where (St; * n;) is the sum of products of values of saprotoxicity index of separate 
species by the number of individuals - n;. N is the number of individuals of all indicator 
species. 
This formula reflects diversity and quantitative relationship of certain indicator species. 
The index of saprotoxicity is equal to 1.0-1.5 in an oligosaprotoxic zone, 1.5-2.5 - in (3 - 
mesosaprotoxic zone, 2.5-3.5 in a - mesosaprotoxic zone and 3.5-4.0 in polysaprotoxic 
zone. 
The table of indicator species totals about 150 species of zooplankton and 
zoobenthos with quantitative assessment of their indicator valency. The indicator 
valency of species was established on the one hand on the basis of indicators 
saprotoxicity (i.e. organic pollution) and on the other hand on the basis of high 
sensitivity of separate animal species to different toxic substances. They enter in large 
amounts with organic toxic substances in regions with developed industry and often 
impede usages of systems of saprotoxicity in connection with change in indicator 
valency of separate species under the influence of toxic substances. 
We can apply saprotoxicity index to both bodies of water and watercourses. The index 
is highly sensitive and is adequate for usage in ecosystems of north-western Russia. It 
permits characterization of the waterbody from the degree of mixed toxic and organic 
pollution, which is particularly important under conditions of industrially developed 
regions. 
Each of the four indices mentioned above incorporates quantitative characterization and 
water quality scale (Fig. 1). 
With the increase of pollution values of indices ST, No / Nc and Kch grow, values of BI 
are reduced. Values of a No / Nc index are expressed as percentage, which hampers 
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comparison of results of assessment by index. Therefore we expressed the value of BI 
index by an inverse value (1 / BI ). Values of the index will increase with the increase of 
pollution from 0.1 to ...1. In this case index BI acquires the same directionality as 
the other three indices. Different dimensionality of the indices also hampers 
comparison of their absolute values. 
Therefore the parameters ST, Kch and 1 / BI were expressed as percentage of their 
maximal values (Fig. 2). 
The scale of new Integrated Index sums the data of these four indices. A new 
integrated IP index may be used for determining water quality of ecosystems with mixed 
pollution - organic and toxic. 
We accepted gradations of water quality according to recommendations of 
Bylinkina and co-authors (Drachev, 1964), i.e. 1st class of waters - very clean, 2nd 
class - clean, 3rd class - moderately polluted, 4th class - polluted, 5-th class - dirty, 
(Table 1). 
It should be emphasized that in this case the conventional division Qn five classes of 
waters is accepted only for the purpose of obtaining comparable characteristics. The 
character of IP scale permits quantitative characterization of continuous changes of 
water quality brought about by anthropogenic impact. 
The application of integrated index can be demonstrated by the example of the system 
Ladoga - Neva River - Neva Bay - eastern part of the Gulf of Finland. 
For the characterization of zoobenthos in the system Ladoga Lake - Neva River - Neva 
Bay - eastern part of the Gulf of Finland sampling data for 1994 and 1995 and also results 
of long-term observations in the Neva Bay and the Ladoga Lake were used. In 1994 and 
1995 we studied two stations in the Ladoga Lake close to Petrokrepost' settlement, the 
Neva River in its middle part and in the area close to the Tuchkov Bridge (centre of St. 
Petersburg), mouth areas of tributaries of the Neva River, Tosno River, Izhora, 
Slavyanka, four stations at the Neva Bay, two stations at the Kopora Bay, eight stations 
in the eastern part of the Gulf of Finland, one station in the Vyborg Bay and one station in 
the Luga Bay. Samples of zoobenthos were selected with Petersen bottom grab with 
sampling area of 0.025 m2 (two bottom grabs at each station) in the autumn, in the end of 
September - beginning of October when emergence of insects is over and all groups of 
benthic animals are present in the body of water. A scheme of stations' location is 
presented in Fig. 3. 
Moreover, data has been obtained earlier for the rivers of the Leningrad, Kaliningrad 
and Moscow Regions (Methods ..., 1976). 
Collection and examination of zoobenthos samples by animal group was conducted by 
experts from the Institute of Lake Research, RAS, T.D. Slepukhina, M.A. Barbashova 
and by an expert from the Zoological Institute, RAS, A.M. Pavlov. The identification of 
animal species was performed by specialists from the Zoological Institute, RAS. and the 
Institute of Lake Research N.P. Finogenova identified oligochaetes, Ya. I. Starobogatov 
identified molluscs, E.V. Balushk±aa identified chironomids, T.D. Slepukhina 
181 
identified amphipods. 
Moreover, data on chemistry of water and bottom sediments were used. The data were 
obtained by specialists from the Institute of Lake Research, RAS, G.T. Frumin, G.F. 
Raspletina, L.I. Frumin and A.G. Sveshnikova, specialist from State St. Petersburg 
University. 
As the Integrated Index was being developed, it was discussed with my colleagues Prof. 
A.F. Alimov and N.P. Finogenova. 
The first results obtained with the IP were published in a joint work with Prof. A.F. 
Alimov. 
Table 2 contains results of the assessment of water quality by four indices where stations 
are arranged in the order of increase of sums of Integrated index (IP) and, accordingly, 
in the order of deterioration of water quality. 
The role of each parameter in the assessment of water quality is more clearly 
demonstrated in Fig. 4. 
Table 3 contains results of the assessment of water class by each of the four parameters. 
As follows from the data obtained, cases of a complete discrepancy in the assessment 
of water quality were extremely rare, e.g. station of Pregolya River - Pr.3. Such 
discrepancies were caused as a rule by the fact that value of the parameter was close 
to boundaries of a particular class of waters, the separation into classes being conventional. 
In the assessment of water class the greatest coincidence with other indices is shown by 
Biotic Index (44 cases of coincidence), Balushkina Index showed coincidence in 41 
cases, Yakovlev Index showed coincidence in 36 cases; Goodnight-Whitley Index 
showed minimal coincidence in 28 cases. 
Results of the assessment of water quality at stations studied in 1995 are presented in 
Table 4. 
As is seen from Table 5, combining data for two years, water of the highest quality, in 
1994 and in 1995 were noted for the Ladoga Lake in the region of Petrokrepost' (stations 
112, 114) and in eastern part of the Gulf of Finland (st. 3, 4). 
From IP values it is possible to characterize them in general as "moderately polluted ". 
Waters in the middle part of the Neva River (station 161 (1) ) can be also evaluated" 
moderately polluted " by three from four parameters used (Table 5). Zoobenthos 
community in these waters is characterized by lowest portion of oligochaetes, 
comparatively low values of saprotoxicity indices, low values of Kch indices because of 
a relatively high portion of clean water orthocladiins among chironomids and a 
considerable species diversity. The deterioration of water quality is observed slightly 
further downstream in the area of station 161. Within the limits of St. Petersburg (st. 
NT - Neva River near the Tuchkov Bridge) waters of the Neva River can be 
characterized as "polluted'. This station differs from the area of Petrokrepost' by an 
abrupt increase in the portion of oligochaetes and increase of the saprotoxicity index. 
Species diversity of zoobenthic community in that area remains sufficiently high 
(Table 4, 5). 
Waters of tributaries of the Neva River (mouth areas ) of the rivers Mga, Tosno, 
Izhora and Slavyanka (stations M, T, 172 and S respectively) are evaluated by the 
integrated parameter as "polluted", water quality in mouths of the rivers Tosno, Izhora 
and Slavyanka is similar to the boundary values of "dirty" waters (Table 2). 
Waters at all stations of the Neva Bay can be characterized as "polluted" (Table 2, 4). 
Only separating those areas the evaluation of which coincided according to the data of 
1994 and 1995 (IP: 234.98-253.47) we can characterize the regions of st. 9 and st. lA as 
the least polluted in the class of "polluted" waters. Species diversity in benthic animal 
communities was the highest among those studied by us in the Neva Bay in 1994 through 
1995. 
Analysis of condition of separate parts of the Neva Bay in 1982-83 and 1994 shows 
significant changes in the structure of benthic communities near Kotlin Island. 
In 1982-83 26 species of benthic animals were noted off northern coast of the Kotlin 
Island. In 1994 only 11 species were noted in that area, the value of the Shannon Index 
decreased (Table 6). 
In 1994 such indicators of polluted waters as Isochaetides newaensis were not 
observed near the Kotlin Island, indicators of dirty waters Limnodrilus hoffineisteri 
became predominant. 
In the 1980's abundant population of Spirosperma ferox, inhabiting central and western 
parts of the Neva Bay and also in mouths of Rivers Izhora and Slavyanka, included 10 
% of individuals with derformities, whereas in 1994 this species was represented by 90% 
of abnormal forms (Balushkina, Finogenova, Slepukhina, 1996). Individuals with 
abnormalities of separate morphological structures were noted in 1994 also among 
chironomid larvae. 
The degree of toxicity of waters surrounding the Kotlin Island can be characterized by 
biological indices as ameso-, polysaprotoxic (St) and as a whole (IP) as polluted and 
dirty, (Table 7). 
Waters in the eastern part of the Gulf of Finland at the stations 19, 20, 21, 24, and 26 
are characterized in general by data of two years by values of the IP index as "polluted". 
Of these station 19 is subject to pollution to the least degree; its IP index value is 231 
95-256.31. The Species Diversity Index at stations of the eastern part of the Gulf of 
Finland (20, 21, 24, and 26) is much lower than at the studied areas of the Ladoga lake 
and Neva Bay. Moreover, these stations show higher values of saprotoxicity indices 
(Table 2, 4). 
The studied parts of the Kapora Bay (St. 3k) are characterized as "polluted" and "dirty" 
(St. 61). In spite of the great differences in the animal community in the Kopora Bay 
according to the data for two years, values of water quality obtained as result of evaluation 
from its structure coincided completely. The area of station 6k is characterized by 
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extremely low species diversity and high values of saprotoxicity indices (Table 2, 4). 
Water condition in the studied area of the Luga Bay (St. 61) is evaluated according to IP 
as "polluted". 
Comparing the evaluation of water quality at the same stations in 1994 and 1995 we can 
note good agreement of values of the integrated parameter, in spite of considerable 
aggregation in the distribution of zoohenthos in the investigated areas (Fig. 5). Indices of 
species diversity at the stations investigated 1994 and 1995 showed the tendency 
towards decrease as the degree of water pollution increased (Fig. 6). 
In comparison with the Neva Bay habitation conditions of animals in the eastern part of 
the Gulf of Finland are most unfavourable. Water salinity of 5-7% observed there has a 
negative impact on both freshwater and brackish water organisms (Khlebovich, 1974). 
This impact is aggravated by abrupt salinity fluctuations occurring at irregular 
intervals. Oxygen deficit has been noted for many years in the lower parts of the relief 
where heavier salt waters are accumulated (Shishkin and others, 1989). 
The eastern part of the Gulf of Finland can be divided conventionally into a 
shallow, resort zone (st. 19, 20, 21, 26) and a deep water zone (st. 61, 6k, 3k, 1, 2, 3, 4). 
In the shallow zone abundance, biomass and diversity of species is much higher than in 
the deep water zone. The fauna is most diverse off the northern coast. More than 20 
species and forms of invertebrates inhabit in that area. Their abundance in 1995 attained 
19580 specimens per m2. As would be expected, the number of species inhabiting there 
is much lower as compared to the Neva Bay (Balushkina, Finogenova, Slepukhina, 
1996). Oligochaetes are predominant in our collections from the shallow zone in 
numbers and biomass; chironomid larvae sometimes have an important role. 
At these stations zoobenthos consisted of freshwater species. Abundant species are: 
Tubifex ignotus (Stolc), Spirosperma ferox Eisen, Cladotanytarsuys mancus (Walker), 
Chironomus plumosus L., Limodrilus hoffineisteri Clap., Potamothrix moldaviensis 
Vejdovsky. 
The number of brackish and marine species penetrating the bay increases westwards 
and with the increase of depth. At st. 24 (depth 20 m) brackish water Paranais frici 
Hrabe becomes predominant and marine oligochaete species Paranais litoralis (Muller). 
Our data for 1994-1995 indicate further impoverishment of bottom population. At st. 1, 
2, 3 (depth 26-50 m) total biomass of benthos was very low, varying from 0.126 per m2 
to 2.74 g per m2. Only Saduria (=Mesidotea ) entomon (L.) was noted besides 
oligochaetes, spherids and amphipods. Apparently zoobenthos differs in its structure 
from impoverished biocenoses of the shallow zone by predominance of marine and 
brackish water species Macoma baithica L., Marionina argentea (Mich.), Amphichaeta 
sannio Kallstenius, Paranais litoralis ( O.F Muller) and others (Balushkina, Finogenova, 
Slepukhina, 1996) . 
At st. 4 close to Gogland Island biomasses of benthos are still high (26.389 per m2 ). 
However, besides amphipods constituting 79.9% of abundance and 28 % of biomass of 
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benthos, only oligochaetes Nais elinguis O.F.Muller and tubificids inhabit that area. 
Therefore, the Gulf of Finland in the region of st. 1, 3, 4 and the Vyhorg Bay differ from 
other areas studied by higher salinity and, as a result, by total absence of chironomid 
larvae in bottom fauna. Therefore water quality was assessed there without taking into 
account the Kch index (Table 4). As a whole waters of the Vyborg Bay are evaluated 
as "dirty", waters near st. 1, which is the closest to the coast as "polluted". Stations 3 and 
4 show a considerable decline in the portion of oligochaetes and zoobenthos community 
and the lowest saprotoxicity indices. 
It is possibly not quite correct to assess brackish waters using indices developed for 
freshwater ecosystems. There is a need to develop special methods for the assessment of 
the state of brackish waters. 
To analyse relations of integrated parameter with chemical characteristics of water 
and bottom deposits is rather difficult. Different chemical indices were measured at 
different time. Reasonably large sets of data are available for a few indices. 
As we noted in 1994 concentration of total phosphorus in water increase with the 
increase of the integrated parameter and this relationship can be described by the 
equation: 
log Pt0 = -8.783 + 3.249 log IP, r = 0.656, P - 0.99, (1), 
where Plot is expressed in mgP/1, (Fig. 7). 
The increase of concentration of total phosphorus with the increase of the integrated index 
noted by us in 1994 was observed also in 1995 although in 1994 phosphorus 
concentration in the zone of "polluted waters" was on the average considerably above 
that of 1995 (Fig. 8). 
One can see in Fig. 9 that BOD5 values also increase with an increase of integral 
parameter. This relationship can be described by an equation of linear regression: 
log BODS = -0.814 + 0.528 log IP, r= 0.510, P - 0.99, (2), 
where BOD5 is expressed in mg 0 per 1. 
There is a clearly defined relationship between the integrated index (Fig. 10), which is 
suggested by a higher correlation coefficient: 
log NH4 = -5.628 + 2.358 log IP, r = 0.627, P - 0.99, (3), 
where NH4 is expressed in mg of N per litre. 
As can be seen in Fig 11 and 12, heavy metal concentration in water and bottom deposits 
increased with the increase of the values of integrated parameter. 
The level of abundance and biomass of benthic animals in the system Ladoga - Neva - 
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Neva Bay increases with the increase of water pollution (Fig. 13, 14). It has been shown 
before, however, that an increase in the numbers of animals occurs only up to the 
boundaries of the class of "dirty" waters. In the class of "dirty" waters abundance of 
benthic animals declines apparently because of the critical increase of the degree of 
toxic and organic pollution. At the same time the level of quantitative development 
of benthic animals to a large extent depends on total phosphorus concentration in water 
(Fig. 15, 16). 
The growing impact of human activity on aquatic ecosystems is accompanied by 
changes and disturbances in biocenoses that were formed as a result of evolution, 
decrease of species diversity, decrease of the ecosystems ability of self-purification. As 
a result their gradual degradation occurs. 
Benthic animal communities accumulating information about their habitat conditions 
(chemical characteristics of water and bottom) respond to the changes of its quality 
by rearrangements in the structure and change of qualitative development. Species 
composition and structure of benthic communities reflect the state of the ecosystem 
for a relatively long period characterizing its regime. Concentrations of chemical 
elements normally used for the assessment of water quality may be related to episodical 
waste discharge and characterize the state of a particular body of water at the given 
moment. 
The relationship of predominant groups of animals, species composition of the 
saprotoxicity indicators, structure of chironomid community as a whole forming the 
basis of IP gave a relatively accurate account of the state of the ecosystem in spite of 
the notable variation in biomass, species diversity of benthic animals in different years. 
Similar results obtained at the same stations in different years permit us to conclude that 
water quality assessment can be performed on the basis of one-time field sampling in late 
September - early October. 
The Integrated index (IP) is related to many chemical characteristics of water and 
bottom deposits. The relationships shown belong to weak, but significant correlations 
because the separate indices incorporated into the IP are related in different ways to 
chemical characteristics of water and bottom deposits. For this particular reason the 
evaluation of the state of ecosystems from the IP (unlike the separate indices incorporate 
into it) reflects the relations of integrated characterization of benthic communities and 
the totality of biotic and abiotic characteristics of the ecosystem. In the future 
investigations the relationships obtained may become the basis for the assessment of 
condition of aquatic ecosystems and ecological normalization of anthropogenic impact. 
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1) BI 
10-------------------------------------------------------0 
---- encrease of pollution -------------> 
2) Koh 
0.14-----------1.08------------6.5--------------9---------11.5 
clean 	moderately 	polluted 	dirty 
polluted 
3) No/Nc 
0--------------60-------------------------------80---------100 
clean 	doubtful clean 	dirty 
4) St 
1--------------1,5-------------2,5--------------3,5----------4 
oligosapro- 	 -mesosapro- 	o(- mesosapro- 	polysapro- 
toxic toxic toxic • 	toxic 
Fig. 1. Scales of evaluation cf condition of waters by indexes: 1) Trent Biotic Index 
(Woodiwiss, 1964), 2) Index Kch (Balushkina, 1976), 3) Goodnigth and Whitley's index 
(Goodnigth, Whitley 1964), 4) Saprotoxic index (Jakovlev, 1987). 
1) BI 
10--------------- 20------------33.3------------- 50-------- -100 
clean moderately polluted dirty 
polluted 
2) Koh 
1.22------------ 9.4------------56.5---- ------ 78.26-------- -100 
clean moderately polluted dirty 
polluted 
3) No/No 
0---,----------- 50------------60---------------- 80--------- -100 
clean moderately polluted dirty 
polluted 
4) St 
25------------- 37.5----------62,5------- ------ 87,5--------100 
clean moderately polluted dirty 
polluted 
Fig.2. Scales of evaluation of quality of waters by indexes: 1) Trent Biotic Index (Woodiwiss, 
1964), 2) Index Kch (Balushkina, 1976), 3) Goodnigth and Whitley's index (Goodnigth, 
Whitley 1964), 4) Saprotoxic index (Jakovlev, 1987) BI in a modified form. 
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Fig. 3. Map of the system Ladoga lake - Neva River - Neva Bay - eastern part of the Gulf of 
Finland and the sampling stations. 
3 	.. 
73.85 160.87195.94231.95239.08265.33 287.5 302.75 
Integrated index (IP) 	, 
Fig. 4. Evaluation of water quality by indexes BI, Kch, St, No/Nc. 
X axis -- evaluation of water quality at. the stations (label): MO1, Izhl, Pil, 112, 114, Inl. Pr4, 
Mot, Mo6, Lal, Lul r. c Vu3, Prl, Pr3, Nt, 19, Lul 1.c., 9, 15, M, Pr2., Pr.5, 12, 14, Izh3. 39, 
20, Izh4, 3, T, 17, Mo4, 172, S, Mo5, Ms03, 6, 26. Mol-Mo6 - Moccwa River, Izl-Iz4 - Izhora 
River, Prl-Pr5 Pregolya River,.Inl - Instruch River, Pil - Pissa River, Lal. Lava River, Lul r.o. 
- Luga River (rigth coast.), Lul l.c. - Luga River (left coast), Vu3 - Vuoksa River, 112. 114 - 
station on the Ladoga Lake close to Petrokrepost settlement, NT - Neva River in the area 
close to the Tuchkov Bridge (centre of St. Petersburg), mouth areas of tributaries of the Neva 
River, T - Tosno River, Iz - Izhora River, S - Slavyanka, 172 - mouth of Izhora River, 14, 15, 
16, 17 - stations at the Neva Bay, 3k, 6k - stations at the Kopora Bay, 19, 20, 26. - stations in 
the eastern part of the Gulf of Finland. 
3 
CJ . 
2 
L[) 2 
fl 
fl 
C~ 1 
L7 : 
2, .; 
c:{ 
(i 
D 
50 
190 
350 
300 
250 
200 
150 
. 100 
0 
1994 
1995 
12 	19 	14 	20 	 ZI 
114 	9 	15 	3k 	17 
Stations 
Fig. 5. Evaluation of water quality by Integrated index (IF) in 1994, 1995. 
	
0 	0 
J 	 0 
-.-------.------------.--- ....-.-.--.-:--- 
'J 
114 	
1 	
9 	 161(1) ' 
	
3k 	14 	6k 	26 
112 	19 	17 	T 	20 	15 
Stat ions 
L0 1994 0  1995 
2.6 
2 
0 
1.5 
ui 
0.5 
fl 
Fig. 6. Values of the Shannon Index 1994, 1995. (species diversity) (H) in 1994, 1995. 
191 
0 
-0.2 
-0.B 
-0.B 
-1 
-1.2 
-1.e 
-1.B 
2 15 	220 	225 	2.0 	2 35 	2.40 	2.4.5 	2.50 	2.5 m 
Log IP 
Fig. 7. Relationship between the total phosphorus concentration (log Ptot) and value of 
Integrated index (log IF).  
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Fig. 8. Relationship between the total phosphorus concentration (Ptot) and value of 
Integrated index (log IP) in 1994 and 1995. 
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Fig. 9. Relationship between BODS ( log BODS ) and value of Integrated index (log 
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Fig. 12. Relationship between concentration of heavy metals in bottom sedimentsfrom value of 
Integrated index (log IP). 
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Fig. 13. Relationship between zoobenthos numbers (N) and IP value of Integrated index (log IP). 
Fig. 14. Relationship between biomass of zoobenthos (B) and value of Integrated index (log IP). 
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Table 1. Classes of water quality by zoobenthos indices St, No/Nc Kch, BI and integrated IP 
index 
st. 	j I'Th!Nc 	j Kch j 	BI 	j IP 	j Classes of waters 
\rer%y clean 
' r 	I 1.22   0 	l 35.22 
glean 
j 	iii. 5 	j 50. 	j 9.4 j 	20 	1 116.19 	I 
moderately polluted 
t32 	1 	I fao  56.5  j 	33 	I  2i2 	j  
polluted 
B75 80 	I  78.9s  150 	12' 5 , 7 	 j  
dirt' 
100 	I 100 	j 100 100 400 	1 j 
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Table 2. Values of indices BI, St, Kch, NO/Nc, IP and the assessment of water quality at 
different stations (data for 1994). 
=ta- 	I 
Itions l 
E:I 	I 	Kch 
in percent of 
I 	St 	I 
ma:: ii11 m 
rio /NI- I 
val La_ 
IF• I 	Classes 	I 
I 	OF 	water 	I 
I Mol 	114.2~I 7.58 146.1251 5.871' 7-1.55 I 	Clean 	I 
IIzi 	120 I 1.81 147.7.1 	I S 	I 77.66 I 	
_I'- 
IF'i1 	I ?u 	I 24.35 14,3.5 	I 13._ 	I 107.375 I 	-"- 
j112 	12 1 17.81 153.25 	1 58 	1 152.16 lModerate1y 	I 
1 114 	I 2 	I 5E . 512 15s.5 	I 13.7 	I 154.72 I 	F' of 1 Ut eld 
I Ini 	I 18.671 46.'76 I6U,.2 	5 	I 3? 	I 160.97 I 	-- 
F'r4 	I 20 	I 66.09 15©.75 	I 37.5 	I 174.34 I 	- 	- 
I Mot 	I 16.67 1 56.5-2 176.5 	I 28 	1 178.89 I 	_- 
I MoE 	I 50 	I 56.52 145 	I 37.8 	I 159.3:' I 	-"- 
Lai 	1 33.331 56.52 I5G 	1 46.5 	1 152.38 I 
I Lu1rc.l 18.181 58.2E 195.5 	I 34 	I 195.94 I 	- 	- 
Vu 	15o I 9.e3 I;a 	1 °0 	I ?(39.83 I 	-_ 
I Pr1 	I 16.671 56.52 I E:E . 7.`_; 	I 78 	I 218.84 I 	Fall Lrtefi  
Fr 20 	I 56.52 55.75 	I Sö 	I 220.27 I 	- 	- 
I NT 	I -;o 	I 16.61 I G4.42 	I ?8 	I 22S.CJ3 I 
I1 	I 3:3.33I 16.52 187.L 	I - 	I u3 l . y l  
ILull.c.I 25 	I 56.52 IEJ.25 	I 91.8 	1 264.5.7 I 	- 	- 
13 	I 33.331 56.52 1U, 1.12 	I 8 	I 24.S8 I 	_II_ 
id 	125 1 45.5? 177..65. 	1 S0 . _ 	13SE; . SB I 	- 	- 
IM 	I ?s. 	I 70.75 I73.25 	I 63.8 	I 238.8 ► - - 
Pr? 	I 33.33 I BO 158.75 	I 8E 	I 239. oö I 	- 	- 
IFr: 	I 33.3'31 160.5 	I SE 	I 24S.4 I 	- 	- 
11E 	I 33.331 70.43 ►EE.4 	I 89.4 	I 253.58 I 	_II_ 
114 I 	33.3I ES.74 I6B.E8 	I SØ.5 	I 2E.25 I 	- 	- 
I z3 I 	28.57 I Bu . 52 84.25 	I 70.351 264.23 I 	- 
Iss 133.33 1 56.52 I73.78 	I S8.7 	1 265.33 I 
Ise 133.331 58.43 I$•3.. 	I S2.S 	I 268.82 I 	- 	- 
IIz4 1 	33.331 81.E 176.5 	1 7E.531 277.67 I 	- 	- 
I3k. 12 	I 91.3 1837.55 	I 51.2 	I 251.3_ I 	_II_ 
IT I 	?F, 	1 93.82 I82.7_I 	1 83.4 	1 284.97  
117 I 	33.731 75.8'3 I83.:5 	I 851 	I 297.5 I 
Mo4 140 	1 77.39 176.5 	18_.5 I ?89.39 I 	- 	- 
173 I 25 	1100 172.8 	1 31.7 	1 288.5 1 	-',- 
33.331 88.E1 173.68 	1 96.E 	1 292.22 I 
i Mos I 	50 	1 80.43 174. E''5 I 84 	I 299.0E I 	Dirt s' 
1M03 I 	42 	11Oø IE8.25 	I 94.5 	I 302.75 I 	-II- 
I61:: I 	1 	.331100 184.28 	I SE 	I 303.61 I 	- 	- 
126 1100 	1 56.52 184.79 	1 99.5 	1 340.8 I 	-11_ 
Mc1-Mo6 - tMskva. River, IzI-Iz4 - Izhora. River, F'r1-F'r5 - Pregolya. 
River, Ini - Instru:h River, Pil - Pissa. River, La.1 - La.va. River, LL,1 
r.1=. 	- Lugn. River (right coast), Lu1 1._. - Luga. River (left coast), 
Vu3 - VLOk a. River, 112,114 - station on the Legotia La:: e close to 
Petrckrep•rut' settlement, NT - Neva. River in the area close to the 
TLa_hk:ov Bride (=entre of St. F'etersbLtrg), mouth areas of tribLrta.ries 
of the Nev,_;. River, T - Tosno River, Iz - Izhora River, S - S1a.vva.nka. 
River, 172 - mouth of Inhora. River, 14, 15, 1E, 17 - stations at the 
Nevi. say, 3k, EE:: - stations .t the K:opora Ba.y', 19,50,2E - stations in 
the eastern part of the Gulf of Finland. 	 . 
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Table 3. Classes of water quality by zoobenthos indices St, No/Nc, Kch, BI and integrated index 
(IP) in different stations. 
I -ta.- 	I 
Itions I 
2.I 	I 	I'ch 
in percent or 
1 	5t 	I 
rna.,:imUm 
No/Nd_ I 
value 
IF I 	C:1asses 	I 
I 	of water 	I 
I h1ol 	12 I 2 I 	I 2 	I 2 I 	Clean 
IIz1 	1 2 	1 9 I 	2 	I -• 	I 2 I 	-I,- 
I Fil 	12 I = I I 2 	I 2 I 	-"- 
112 	13 I 3 I 	3 	I 3 	I 3 I Modera.te1 / 	I 
1114 	13 I 4 I 2 	I 3 I 	polluted 	I 
IIn1 	12 I 3 I 	4 	I 2 	I 3 I 	-"- 
IPr4 	12 I 4 I 	3 	I 2 	I 3 I 	-- 
I ht o2 	12 I 4 I 	4 	I 2 	I 3 I 	- I I - 
IMos 	14 I 4 I I 2 	I 3 I 	-"- 
Lai 	14 I 4 I 	3 	I 3 	I 3 I 	-- 
ILuIrc 12 I 4 I 	4 	I i 	I I 	-- 
IVLGG 	14 I 3 I 	4 	I 4 	I - I 	_II_ 
l Pr1 	I 2 	I Ll I 	4 	I 3 	I 4 I 	Pc)11 Ut ed 
Pr' 	I? I 4 I 	3 	I _ 	I 4 I 
INT 	14 I 	3 I 	4 	I 5 	I 4 I 
I19 	14 I 	4 I 	4 	I 3 	I 4 I 	-"- 
ILu111=1 3 I 	L=  I I 5 	I 4 I 	- 
Is 	14 I 	4 I 	I I 4 I 	-- 
115 	13 I 	3 I 	4 	I - 	I 4 I 
IM 	13 I 	4 I 	4 	I 4 	I 4 I 
F'r2 	14 I 	4 I 	3 	I - 	I 4 I 
I Pr_ 	14 I 	4 I I 5 	I = I 
I16 	14. 1 	4 I 	4 	I _ 	I 4 
114 	14 1 	4 I 	4 	I , 	! 4 I 
I I z 	I ''7 I I 	4 	I 4 	I 4 I 
I3'3 	14 I 	4 I 	4 	I 5 	I 4 I 
20 	I 4= I 	4 I 	4 	I 51 	I 4 I 	-- 
I z4 	14 I I 	4 	I 4 	I << I 	-I'- 
I3E: 	13 I 	5 I 	4 	I 5 	I 4 I 
IT 	13 I I 	4 	I 5 	I 4 I 	_II_ 
117 	14 I 	4 I 	4 	I 5 	I 4 I 
I Moo 	I L I 	4 1 	4 	, ` 	I 4 1 	-- 
1172 	13 I 	51 I 	4 	I 5 	I 4 I 	-II_ 
I- 	14 I 14 	I 5 	I 4 I 
I Mlo_I 	14 I I 	4 	I I 5 I 	Dirty 
IMo3 	14 I 	5 I 	4 	I 5 	I I 	-- 
IEE•. 	14 I 	5 I 	4 	1 5 	I 5 
126 	15 I 	4  I 	4 	I C 	I C I 	-_ 
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Table 4. Values of indices BI, St, Koh, No/No, IP and the assessment of water quality at 
different stations (data for 1995). 
Values of' indices BI,St,Kch,No/Nc,IP and the assessment of water 
quality at different stations (data for 1995). 
I _ 
Sta- BI 	I Koh I 	St I 	No/NcI IP I 	Classes 
Itions 	I in percent of maximum value J 	of' water 
- I I I I 
1f 114 	1 20 	1 2.78 147.5 1 	39.391 109.67 1 	Clean 	1 
1 112 	1 20 	1 8.26 16'r 1 	65. 591 160.85 IM polluted 
1 	14 	1 33.331 69.83 j 75 1 	68.621 246.78 J Polluted 
1 	9 	1 33.33 156. 52 175. 25 1 	88. 371 253.47 1 	- "- 
1 	21 	1 33. 331 56. 52 185. 25 1 	79. 91 1 255.01 1 	-"- 	I 
I 	19 	1 33. 331 81.7 175.5 1 	65.781 256.31 1 	-- 
6L 	1 50 	1 59.04 J 87.5 1 	65.311 261.85 1 	-- 
161 	1 33.331 60. 14 179 1 	90.351 262.82 1 	-" 
1 	17 	1 33.331 74.52 181.75 1 	74.581 264.18 1 	"- 
I 	3k 	1 50 	1 56.52 176 1 	82.771 265.29 1 	-"- 	I 
I 	T 	1 33.331 59.63 179.25 1 	95.5 	1 267.71 1 	-- 
1 	20 	1 50 	1 56.52 186 1 	80.381 272.9 I 	-"- 
I 	24 	1 33.331 56.52 185.25 1 	99.021 274.12 1 	-"- 	I 
I 	15 	1 50 	1 56. 52 180.5 1 	95. 261 282. 28 I- "- 
26 	1 50 	1 70. 31 184.5 1 	85. 491 290.3 1 	-"- 
1 	4 	1 25 	I 40.25 1 	1.49 	1 66.74 1 	Clean 
1 	3 	1 25 	1 140 1 	25 	1 90 1 	-"- 	1 
1 	.1 25 	I 85 1 	69.561 179.56 I Polluted 
I 	6k 	1 20 	1 185 1100 	1 205 1 	Dirty 
Vyb. B. 150 I 185 1100 	1 235 1 	-"- 	1 
112,114 - 	station on the Ladoga Lake close to Petrokrepost' 
settlement, 161 - Neva River in its middle part, NT - Neva River in 
the area close to the Tuchkov Bridge (centre of St. Petersburg); 
mouth areas of' tributaries of' the Neva River: T - Tosno River; 14,15, 
17 - stations at the Neva Bay; 3k, 6k - stations at the Kopora Bay; 
19,20,21,24,26,1,3,4 - stations in the eastern Gulf' of' Finland; Vyb. B. 
- station in the Vyborg Bay; 6L - station in the Luga Bay. 
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Table 5. The assessment of water quality in the system Ladoga-Neva-Veva Bay-eastern part of 
the Gulf of Finland by the IP integral index. 
1994 19'35 
ISta- 	I IP I 	Classes 	I ISta- 	I IP I 	Classes 	I 
tiors 	I I 	of water 	I (tioras 	I I 	of water 	I 
1112 	1 155.16 (Moderately 1 1114 	1 109.67 I 	Clean 	I 
1114 	1 154.72 (polluted 	1 1119 	1 160.85 IM.polluted 	I 
IHT 	122 .O3 1Polluted 	I 114 	I 246.78 (Polluted 
119 	1 231.95 I 	-"- 	I '9 	I =:53.4;, I 	_'- 
a 	I "'?a 	'a" I 	-"- 	I I 	?1 	I ?55.01 I 	-"- 
1.5 ?76 2R I 	-11- 	I I 	19 156.31 I 	-1- 
IM 	I _3.ä I 	_11 I ,_,ii 	1 261.85 I 	-"- 
116 	I ?59.56 I 	_ 11 _ 	I 1151 	126 '. 33 1 	-''- 
I14 	1 ?R'3•95 1 	-11- 	I I 	1i' 	I ?64.13 I 	-11- 
39 	1 255 32 -11 - 	I 2 	I 2555.29 -"- 	I 
20 	I 258• 	2 - II_ 	I I 	T 	I F67.71 I 	_11_ I 
HK 	I ?8i . •35 I 	_11_ I 9Q 	I ~ 1 ~, -I'- 
T 	1 2'_4.99 I 	-I'- 	I 24 	I? ?4.12 I 	-- 	I 
1. 	I ?F7.5 I 	-11- 	I 115 	I'`' 28 I 	-11- 
1172 	I ?8 - "- 	I I 	2r, 	1 2-90.3 I 	-"- 
ID 	1 292.2 • I 	-11- 	I I 	4 	I 66.74 I 	Clean 
I6h 	1 203.61 I 	Dirty 	I I 	3 	I 90 I 	-11- 	I 
126 	1 240 8- I 	-11- 	I I 	1 	I 179.56 I Polluted 	I 
I 	I I I I 	6i-z 	1 205 I 	Dirty 	I 
1 	I 234.22 I BbIb.2.. 235 I 	_1_ 
1161(1)1 2-9.85 IModerately 
I 	I 
L 
I polluted 
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Table 6. Number of benthic animals and the Shannon Index at stations near the Kotlin Island. 
Numbers of benthic animals and the Shannon Inde.; 
at stations near the Kotlin Islagd 
I 	Stations I { 	Plumbers I Shannon Index 
{ I I 	ind/sq.m { 
{ 	17 1 1982: I 	::8-0 I 	2.17 	I 
42 1982 I 	6423 1.94 
1 	42 11982 I 	1865 I 	1.95 	I 
I 	15 11983 I 	3959 I 	9.94 	I 
I 	15 I1994 1 	12060 I 	1.95 	I 
I 	16 11994 { 	10730 I 	2.15 
{ 	17 11994 1 	12240 I 	1.33 
25 19'4 l 	8500 I 	1.33 
Table 7. Values of indices BI, St, Kch, No/Nc, IP and the assessment of water quality at 
different stations. 
Values of indices BI,St,Kch,No/Nc,IP and the assessment of water 
quality at different stations 
Istati- 
ons 
IYearsf St I 	Koh 	lida /Nc 	I PI I 	IP Classes 
of water 
{ 	15 { 1994 	1 75.7 { 	45.2 	{ 190.5 	{ 25 I 	 35.4 	{ polluted 	I 
42 11B2 	{ 57.251 88.951 87 	{ 53' 1:'53. =::1. I polluted 	I 
1 	16 11994 	1 66.4 1 	70.4 	1 2-9.4 	{ 23.3 1259.5 	1 polluted 	I 
17 11942 	1 63.5 1100 	1 32.271 20 1265.771 polluted 	{ 
15 11983 	180 185 .561 89.74 16.67 1 271.971 polluted 	{ 
17 119'34 	1 83.3 { 	i'5. -5 	{ q5 	I 92 2 I E R7.4 	I polluted 
42 11982 	1 77.5 1 	.39I  150 1323.791 dirty 
125 {1994 	1 84.3 1 	56.5 	199å.5 1100 1340.8 	I dirty 
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5.4 FUNCTIONAL APPROACH TO THE EVALUATION OF 
EUTROPHICATION IN THE NEVA ESTUARY 
Vadim E. Panov, Alexander F. Alimov, Eugenia V. Balushkina and Sergej M. Golubkov 
Zoological Institute 
Russian Academy of Sciences 
199034 St.Petersburg 
Russia 
Eutrophication, defined as increased growth (primary production) of algae and higher 
plants due to increasing load of nutrients, is considered as the main environmental problem 
for the Baltic Sea. Effects of eutrophication are more obvious in the coastal zone, 
especially in sheltered areas such as lagoons, semi-enclosed bays, archipelagoes and 
estuaries. Biological effects of eutrophication in the Gulf of Finland coastal zone are the 
following: 
1. Development of blue-green algae in phytoplankton 
2. Foliaceous perennial macroalgae (Fucus) to be overgrown and eventually replaced by 
filamentous, annual forms (Cladophora) and depth distribution of macroalgae to became 
shallow. Increasing role of wetland associations due to the spread of reed (Phragmites) 
beds 
3. Increase in zooplankton biomass 
4. Increase in zoobenthic biomass in areas not influenced by oxygen deficiency, and 
degradation of benthic communities in areas with low oxygen concentrations (oxygen 
depletion in stratified waters is a secondary consequence of the eutrophication process). 
In the process of development of the coastal zone monitoring programmes three main 
questions arise: 
1. Which parameter to monitor in order to evaluate eutrophication? 
2. Where the sampling plots for a monitoring programme should be located in an 
ecosystem, so that changes in species composition or in processes can be documented? 
3. How frequently the samples should be taken? 
The first question is likely the most important. Species composition of plant or 
invertebrate communities, abundance (coverage for plants) and biomass are usually 
considered as obligatory parameters for monitoring in coastal waters. 
Changes in biomass and other structural characteristics of planktonic and benthic 
communities in coastal areas can be referred to eutrophication, and some of them 
considered as useful for bioindication of eutrophication in the Neva Estuary (see reports of 
Telesh, Nikulina and Balushkina for details).Description of biological indicators, mainly 
structural in their nature, is a traditional approach to the biological state assessment for 
aquatic ecosystems. Application of different structural indicators (indexes) often resulted 
in the controversal estimations, because ecological state of certain components in the 
ecosystem (or community) can be different. Summation of the state of certain components 
on the basis of some complex indexes (see Balushkina) allows to make more or less 
reliable estimations of the ecosystem state. But such estimations usually fail to differ 
eutrophication effects and organic pollution. 
Because of dynamic nature of coastal areas and multivariate human impact, invertebrate 
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communities in coastal ecosystems are affected by a complex set of abiotic, biotic and 
anthropogenic factors. This impose a serious limitations for the application of biological 
indexes, based on structural characteristics of invertebrate communities, for the evaluation 
of eutrophication. Main factors, influencing invertebrate communities in the Neva Estuary, 
are shown in Figure 1. Effects of eutrophication on the community level are masked in the 
Neva Bay (freshwater upper part of the estuary) and easternmost Gulf of Finland 
(brackish-water part) by the influence of such powerful abiotic factors as hydrodynamics 
and salinity. Sedimentaion of inorganic matter, contamination and organic pollution are 
also important. Changes in total number of benthic species of macroinvertebrates and 
species diversity index along Neva Estuary have a clear relationship with the salinity 
gradient (Figure 2). 
Local eutrophication effects in the Neva Estuary are apparently more obvious in sheltered 
shallow areas, especially in the Neva Bay, where extensive macrophyte beds have been 
developed. In such spatially complex habitats biotic interactions are likely the most 
important structuring factor for invertebrate communities. As it has been shown for the 
Neva Bay, predation by invertebrate predators, mediated by the habitat complexity, is the 
main factor, affecting structural characteristics of the macrophyte-associated fauna 
(Alimov, 1988). As shown in Figure 3, total number of species was significantly higher in 
macroinvertebrate communities in macrophyte zone, then in those located in open areas. 
Comparatively, low level of predation (estimated as the ratio of consumption rate of 
predators to secondary production of non-predatory macro-invertebrates - Cp/Pnp, see 
Fig.3) resulted in the fast growth in the isopod Asellus aquaticus population and, 
consequently, in the unusually low value of species diversity index (H=1.9). 
Biotic interactions within natural communities in the Gulf of Finland coastal zone can be 
seriously altered by the invasions of exotic species. The zebra mussel, Dreissena 
polymorpha, the Caspian predacerous cladoceran Cercopagis pengoi, Baikalian amphipod 
Gmelinoides fasciatus are the examples of the most recent invaders to the Gulf of Finland. 
Established populations of these species can cause drastic changes in structural 
characteristics of invertebrate communities. These changes can result in the extinctions of 
aborigen species, in the increase (or decrease) of total community biomass and 
simplification of food webs. Thus, effects of such "biological pollution" can be similar to 
ones observed under eutrophication or organic pollution. Besides the direct effects of the 
introduced species on the invertebrates community structure, the successful invaders can 
cause indirect effects on phytoplankton in the coastal zone, promoting its development 
whether by enhancing excretion of nutrients (Dreissena), or by controlling grazing 
zooplankton (Cercopagis and Gmelinoides). 
Structural approach to the evaluation of eutrophication by means of structural indexes do 
not consider a system nature of an ecosystem, which can results in different response to the 
stress in the ecosystem, depending on its the spatial and functional organization. So 
decision-making and effective management of the degraded areas is impossible without 
understanding how the ecosystem is functioning, and which factors are important for the 
ecosystem structural-functional organization. 
Functional indicators allow to estimate the ecosystem state not only at the shot temporal 
scale, but they allow to reflect ecosystem processes in their dynamics. Respiration rate of 
benthic macroinvertebrates can be useful functional parameter, reflecting changes in local 
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loading of organic matter, derived both from enhanced sedimentation due to 
eutrophication and organic pollution sources. Existed information on the respiration rates 
of macroinvertebrates, allowed to evaluate respiration rates of the Neva Bay zoobenthic 
communities in terms of organic carbon for different periods. In the early 1980s, less than 
30% of waste waters were treated, and treated waters were released in the easternmost 
Neva Bay. As a result, most particulate organic matter sedimented in this area, which was 
indicated by the extremely high respiration rates of benthic macroinvertebrates, up to 3000 
mgC/m2day in August, but in the west areas of the Neva Bay respiration rates were less 
than 50 mgC/m2day. At present more than 70% of sewage waters are treated, and a half of 
them release at the north Neva Bay. Respiration rates in zoobenthos changed dramatically: 
more than one order decrease in eastern Neva Bay (less than 50 mgC/m2day in August), 
and obvious increase in the south-western, western and north-western parts (up to 100 
mgC/m2day). Increase in respiration of macrobenthos in the south-western areas, first 
revealed in 1995, was attributed to the accelerating eutrophication due to significant 
increase in water transparency after termination of dredging activity in south-eastern area 
of the Bay. Following studies on phytoplankton biomass and primary production 
conducted here in 1996 supported this suggestion. 
The seasonal respiration of zoobenthic community is positively related with the seasonal 
primary production, and this relationship for freshwater lakes and reservoirs can be 
described by linear regressions. As it has been shown by Alimov (1989), such a linear 
regression for reservoirs has significantly higher slope, that those for lakes (Figure 4). This 
difference can be attributed to the external loading of reservoirs by dissolved and 
particulate organic matter (DOM and POM). Calculated values of seasonal respiration of 
zoobenthos in Neva Bay in 1983-1985 are extremely high, and that is reflected in the 
unusual high position of the 1983-1985 Neva Bay in the plot (Figure 4). Respiration of the 
Neva Bay zoobenthos in 1995-1996 fits the regression line for reserviors guite well due to 
decrease in POM and DOM loading and elevated primary production. Respiration of 
zoobenthos in the Easten Gulf of Finland in the middle of 1980s occupies the intermediate 
position between lakes and reservoirs in the plot, and respiration values in 
macro invertebrates associated with macrophyte beds in the Neva Bay in 1983 are highest 
in the studied range, and fit regression for reservoirs (Figure 4). In the last case the 
"reservoir"-like position can be likely attributed to the accumulation of decaying higher 
plants on the bottom . 
Above data show that respiration rates in zoobenthos might be an useful indicator of 
eutrophication or organic pollution in the Neva Estuary. But only the monitoring of 
respiration rates in zoobenthos still do not allow to distinguish clearly eutrophication and 
organic pollution effects in coastal zone. 
The most important functional charateristics of an ecosystem are the primary production, 
and the ratio of primary production (P) and decomposition (=respiration, R) of organic 
matter in the ecosystem. Primary production is a fundamental quantitative estimate of 
eutrophication. Respiration in the ecosystem can be measured directly, or quantified by the 
summation of metabolic requirements of biota within the community. P/R ratio reflects 
changes in the ecosystem functioning under eutrophication or organic pollution. Then P/R 
ratio close to 1, the processes of production and decomposition of organic matter are 
balanced due to effective mineralisation of organic matter, or due to removal of organic 
matter and nutrients from the system. P/R > 1 reflects accumulation of organic matter in 
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the system due to eutrophication, and P/R < 1 reflects degradation of the system due to 
organic pollution. 
Primary production and respiration, one of the few readily measurable integrative 
properties of ecosystem, can be measured from diel changes in free-water dissolved 
oxygen (D'Avanzo et al., 1996). We measured community metabolism in two locations in 
the Neva Bay, in the bulrush (Scirpus lacustris) beds. In one location at the south shore 
(station South300), close to local waste water discharge, P/R ratio for periphyton and total 
community were less than 1, but in the another one at the north shore these parameters 
were significantly higher than 1 (Figure 5). In the first case the organic pollution was 
clearly indicated by the low P/R ratio, and prevailing eutrophication was reflected by high 
P/R ratio in the northern location. In the last case processes of production of organic 
matter obviously exceeded its decomposition. Accelerating accumulation of organic matter 
along the shoreline in the northern Neva Bay can cause replacement of aquatic habitats by 
terrestrial, and some visible changes in northern areas during last decade support this 
suggestion. 
As it has been shown recently (D'Avanzo et al., 1996), primary production and respiration 
of such dynamic coastal ecosystems as shallow estuaries can be monitored on the daily 
basis by the deployments of automated oxygen meters, and that would allow to quantify 
differences in metabolic rates between ecosystems as whole units (and likely between parts 
of ecosystem) in response to nutrient enrichment. 
Primary production and respiration in the ecosystem are likely the most appropriate 
paramters for monitoring of eutrophication. But only knowledge of the dynamics of these 
integrative functional characteristics will not inevitably results in the complete 
understanding how the ecosystem function, and how to manage it. Construction of the 
detailed carbon budget of the ecosystem is much more time consuming, but allows the 
accurate quantification of its current trophic status, and promote more reliable 
understanding on the ecosystem functioning. The main parameters of the seasonal carbon 
budjet for the Neva Bay and the Eastern Gulf of Finland in 1980s are shown in Figures 
6-7. Heavy DOM and POM loading resulted in elevated respiration in plankton and 
benthos, which significantly exceeded primary production. P/R ratio for plankton and total 
community were significanly less than 1 in both parts of the estuary (Figures 6-7). 
Construction of the detailed carbon budjet and the knowledge on functional relatioships 
between hydrological and biological characteristics allowed to propose prognostic scenario 
of the ecosystem responses on the changing load of nutrients, DOM and POM (urinberg, 
Gutelmakher, 1987; Shishkin et al., 1989). Later this knowledge has been integrated into 
the simulation model of the Neva Bay (Umnov, 1996). Long-term data on main parameters 
of the carbon budjet are essential for understanding how ecosystem function and for 
correct interpretation of the observed changes. These time series data are extremely 
important for the verification of the simulation models. 
Studies in 1995-1996 revealed significant changes in the Neva Bay functional 
characteristics (Alimov et al.,1996). Gradual decrease in the Neva Bay loading with DOM 
and POM during last decade, as well as substantial increase in water transparency after 
termination of dredging activity, resulted in enhanced primary productivity (especially in 
the southern Bay) and decrease in the respiration of plankton and benthos, P/R ratio 
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increased significantly (Figure 8). Elevated biomasses of phytoplankton in the western 
Neva Bay during last years (see Telesh, Nikulina) also indicated increasing eutrophication 
of the Bay. Construction of the detailed carbon budjets for Neva Estuary in 1990s is 
constrained by the absence of the essential functional characteristics of plankton and 
benthos. 
As a result of heavy eutrophication, an extensive macrophyte beds (mainly emergent 
phanerogams) has been developed in the Neva Bay coastal zone during recent decades, 
extending up to 500 m from the shoreline in some locations. Development of emergent 
macrophytes in the lower estuary are limited by wave disturbance, but filamentous green 
algae (Cladophora) are prolifirated vigorously on hard substrates in the Neva Estuary 
during summer. Development of both emergent macrophytes and Cladophora mats 
damage beaches, causing serious problems for recreation in the area. Reliable information 
on the long-term changes of structural and functional characteristics of the littoral 
communities is scarce, in spite of obvious eutrophication effects in littoral zone. Available 
information and existed ideas on the functioning of littoral zone in the Neva Bay and the 
Eastern Gulf of Finland can be expressed in the form of generalizied relationship between 
primary productivity of phytoplankton, macrophytes and periphyton (attached algae) in 
ecosystems of increasing fertility (Figures 9-10). This relationship for the Neva Bay is 
close to observed in shallow lakes (Wetzel, 1979), and likely general for the sheltered 
areas in the Baltic Sea coastal zone. Prolifiration of attached algae in the exposed littoral 
of the Gulf of Finland with increasing fertility is a general fenomenon for large, deep 
lakes. Obtaining of essential data on littoral zone functional parameters is an important 
step before the construction of the simulation models as tools for decision-making. 
To conclude, the monitoring programmes carried out in coastal ecosystems should be 
accompanied by the construction of simulation models to describe main carbon flow 
through the foodweb (de Jonge, DeGroodt, 1989). These models will: 
1. contain the actual knowledge on the functioning of ecosystem in a very condensed but 
integrated form; 
2. promote new ideas on the functioning of coastal ecosystems under changing 
environmental conditions; 
3. enhance development of the more effective monitoring programmes (to justify the 
choice of sampling areas and frequency at which samples should be taken - answer on 
the questions 2 and 3 above); 
4. help administrators to decide on specific future management strategies, as "a bridge 
between science and management" (Lindeboom et al., 1989). 
This approach can be considered as a space-independent. 
Because environmental degradation in the Gulf of Finland coastal zone is primarily a 
consequence of eutrophication derived from local pollution sources, efforts to reduce local 
discharges of substances that cause eutrophication are likely to have positive 
environmental effect in the coastal zone (Cederwall, Elmgren,1990). Thus the 
management strategies should be a space-dependent. 
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5.5 ECOLOGICAL CLUSTERS OF SUBMERGED AQUATIC 
MACROPHYTES IN HELSINKI SEA AREA IN 1993; METHODS 
AND MAIN RESULTS 
H.Kukk, I.Viitasalo and G.Martin 
The growth of macrophytes is dependent on different environmental parameters. Tide is 
almost absent in the Baltic Sea. Sea level varies according to the cyclonic activity and 
runoff; the lowest water levels occur mainly in spring and early summer. Salinity is 
affected by runoff, upwelling and irregular movements of water layers. Wave exposure, 
ice shearing and the quality of substrate are the most important local abiotic factors to 
macrophytes. Growth period is limited by ice cover, temperature and solar radiation; most 
of the primary production taking place in June-September. Perennial macrophytes inhabit 
the sublittoral zone under 1,0 - 1,5 m depth because of ice shear. Annual macrophytes; 
mainly green and brown algae, colonize the eulittoral zone from 0 to 1-3 meters depth. If 
ice period is delayed, some of them inhabit the uppermost water line in the dark season, 
too. Due to low water temperature, secondary production is slow. Thus they are able to stay 
in the waterline without being decomposed by grazer organisms or bacteria. 
Besides the above-mentioned factors, inorganic nutrients are essential growth promoters 
for macrophytes. Plankton algae compete directly with them by using the same nutrients 
and indirectly by shading deeper water layers. The riverine and human input of nutrients 
is remarkable in the Gulf of Finland. Even if the Gulf is open towards the Baltic proper, 
local high concentrations of nutrients, mainly nitrogen anf phosphorus, are frequently 
recorded along the coastline. 
The study was concentrated to the upper (eu)littoral zone which is mainly populated by 
annual green algae and phanerogams. The uppermost part of the Fucus belt (down to 2.0 -
2.5 m depth) was included, too. 
Samples were taken in July-August when the annual algae have reached full length but 
before they begin to cease, decompose and detach from the substrate. Sampling took place 
from a outboarder boat with a shaft rake, equipped with a cutting edge and a net bag. 
Sample sites were 3-5 m broad strips of the eulittoral zone. Prior to sampling, the site was 
viewed and documented for substrate type and vegetation cover. By raking several times 
from one site a representative collection of the macrophyte taxons and a rough estimate of 
their coverage (abundance) was obtained. The sample was preliminary surveyed onboard 
and different algal groups or species were subsampled to an one liter plastic container with 
the ambient sea water. The subsamples were fixed for later microscopy in the laboratory. 
Besides taxonomical determinations, different physiological parameters were recorded for 
Cladophora glomerata and Fucus vesiculosus. A compilation of the parameters is 
presented in Table 1. 
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Table 1. 	Physiological and vegetative properties recorded in this study. 
Cladophora glomerata 	Height 1-12 cm 
10-30 cm 
Abundance of epiphytes (3 classes, visual Class 0 
observation (no epiph.) 
Class 1-2 
Class 3 
(abundant) 
Fucus vesiculosus 	Height (cm) 
Gas vacuoles (y/n) 
Fertility (y/n) 
Elachista as an epiphyte(') (y/n) 
Hydroozooic epiphytes(2 	 <10 % of 
surface 
>10 % of 
surface 
Remarks: 	(1) The most common obligate epiphyte on Fucus in the Baltic. 
(2) Mainly Membranipora crustulenta and Balanus improvisus. 
Classification of data 
In 1993, 225 sample sites were visited in two weeks at the end of July (Viitasalo et al. 
1994). Here we report some of the methods and core results from this field period. 
The taxons and their physiological properties were clustered into groups which occur most 
likely together in same samples. The clustering process used a correlation matrix with 
Pearson's product moment coefficient and utilized weighted pairing of groups in building 
the dendrogram (Kowach 1993, Lance and Williams 1966). Some of the taxa were rare and 
their clustering affinities were not clear. The following groups of taxa, their properties and 
functions were detected, however: (see FIGURE 1): 
A. Group of the outermost archipelago (s=-2): 
* 	 Fertile Fucus with Elachista but few zooic epiphytes. 
* Constant Cladophora with few (diatomic) epiphytes. 
* 	 Pilayella and Dictyosiphon chordaria near the surface. 
* Ceramium, Cladophora rupestris and Furcellaria under Fucus. 
B. Group of the middle archipelago (s=-1): 
* 	 Sterile Fucus; mainly without Elachista and older parts of the thallus 
covered by epiphytes. 
* 	 Ectocarpus siliculosus, Polysiphonia violacea on stones, Dictyosiphon 
foeniculaceus also on Fucus. 
* 	 Chorda filum, Ranunculus baudotii in more sheltered localities. 
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C. Group of inner archipelago without wastewater load or convalescent areas (s=+1) 
* 	 Constant occurrence of small amounts of Enteromorpha sp. (abundance 
under 2 %). 
* 	 Enteromorpha compressa. 
* Constant occurrence of Cladophora in different forms. 
* 	 Rich populations of phanerogams; Potamogeton pectinatus, P.perfoliatus, 
Ceratophyllum sp, Myriophyllum sp. 
Zannichellia. 
D. Group of inner archipelago with wastewater or stormwater load (s=+2): 
* 	 More than one species of Enteromorpha or mass occurrence (abundance > 
60 % in the sample) of Enteromorpha sp. 
* 	 Most frequent species were E. prolifera, E. ahlneriana, E. intestinalis. 
* Sterile Ectocarpus with long hairy branches (Ectocarpus confervoides 
typus fluviatilis, sensu Waern 1952, p.116). 
Remarks on the groups: 
Cladophora glomerata occurred frequently in the groups A and D, too. The clustering 
process can "sell" one taxon only once into a group with the highest affinity. Thus an 
ubiquitous species like Cladophora suffers from this type of grouping method. 
Many rare species confuse the clustering tree rather than show any indication properties. 
Further work is needed to evaluate whether or not they deserve attention in respect to 
eutrophication. 
Indicator values of the taxons and biotic indices of the samples 
The overall nutrient concentrations are well documented in the area. Different clusters (and 
taxa inside them) are supposed to display different ecological factors, one of them being 
the availability to nutrients (eutrophication). 
All taxa in a certain cluster were assigned with same integer value which was called "s-
value" (with lower-case s). In some occasions fraction values were used for individual 
taxa. 
The information of different taxa, their abundances and "s-values" from one sample were 
collected into a sample biotic index ("S-index") according: 
YJ I (sxa,00  
S= -------------
(a1oo 
where 	S = sample S-index 
s = taxon s-value 
a1oo11  =cubic root of the abundance of a taxon in a sample. 
Comment: Taxa with s = 0 were excluded. 
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The abundances were handled by cubic root transformation. It favours small-sized species 
with permanently low abundances, which, however, may be as important indicators as the 
big ones (Williams and Stephenson 1973). 
Because the S-index is an average-like function of all taxa in a sample, it is less sensitive 
against local variation than the observations of individual taxa alone. Furthermore, these 
values are not necessarily connected to man-induced eutrophication in the outer fringe of 
the archipelago but they may help in assessing the overall trophic state of the sampling site. 
There are many different biotic indices. The present method is based mainly on Pantle and 
Buck (1955), Chutter (1972) and Sladecek (1961). All of them have suggested indices 
where the abundances are weighed by different subjective quality values of the same taxa. 
As is well known, the distribution of algae species is mainly dependent on natural 
environmental variables (salinity, light, temperature, annual succession etc). Thus care 
must be taken when conclusions of their reactions against eutrophication are drawn. 
After the calculation of the sample S values, the sample sites were classified into four 
classes and a map of different ecological zones was drawn (FIGURE 2). 
The question arises, to which extent the sample S values alone mirror eutrophication. Man-
induced effects upon an ecological association are always hard to separate from the natural 
variety of circumstances and localities. Long-lasting monitoring of the same sampling sites 
however, may help to detect and explain the changes. 
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Figure 1. Clusters of different aquatic macrophyte taxons in the Helsinki Metropolitan Sea 
Area in 1993. 
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Figure 2. Distribution of different aquatic macrophyte groups in the sea areas of the 
Helsinki Metropolitan Area in 1993. 
CLASSIFICATION OF WATER AREAS 
ACCORDING TO BIOINDICATION 
BY WATER MACROPHYTES 
1993 1 .~ 
r 0 
Gulf of Finland 	 5 	10km 
a UNDISTURBED 	
SLIGHTLY 	DISTURBED j POLLUTED DISTURBED 
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5.6 ASSESSMENT OF THE DEGREE OF WATER POLLUTION 
NEAR THE BIG CITIES OF GULF OF FINLAND BY 
BIOINDICATION 
Evgenia Balushkina, Georg Martin, Irena V.Telesh, Ilkka Viitasalo and Pentti Välipakka 
Importance of the littoral zone 
The highest load of anthropogenic pollutants is often concentrated on the littoral zone. 
Besides agricultural and riverine input, main local pollution sources are municipal and 
industrial wastewaters, pollution from ships and harbours, dredging etc. The littoral or 
coastal zone is important for the marine ecosystem. Biodiversity of unpolluted zone is 
generally high as well as the recreational and economical value, too. 
Anthropogenic influence in the littoral zone 
Main consequenses of littoral pollution are eutrophication of macrophytes, changes in fish 
and zoobenthos communities as well as decreasing of the hygienic quality of water. The 
change of water in the littoral zone and between the islands is irregular and thus standard 
monitoring of water with long sampling intervals may loose valuable information between 
the sampling occasions. Sessile water organisms are continuously influenced by bypassing 
water. Thus they act as continuous monitoring and sampling units of water quality. The 
main groups of littoral organisms which have been utilized for monitoring purposes are 
water macrophytes and soft bottom zoobenthos. Interest is mainly concentrated on species 
composition, biomass and chemical composition of the organisms. Hygienic quality of 
water is normally monitored with indicator bacteria in the water column. Other bacterial 
analyses of fish stock, bottom sediments etc are not applied in the Gulf of Finland for 
standard monitoring purposes so far. 
Existing biomonitoring programs 
There are vital biomonitoring programs going on around most of the big cities of the Gulf 
of Finland. In the TABLE 1 main parameters and properties of the programs are presented. 
Table 1. Examples of littoral bioindicator programs in urban sea areas of the Gulf of 
Finland. 
Helsinki A 	Helsinki B 	St.Petersburg 	Tallinna 
Monitoring 
area (sq km) 	110 	110 	1400 
Starting year 	1974 1962 1982 	 1992 
Prevailing 
salinity 
range ((%o) 	3-6 	0-6 	0-6 	 3-6 
1-2 
Biomass, 
community 
system 
Biomass, community 
Integrated index 
Ecol.groups, 
saprobic 
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Organism groups 	Macroalgae, Zoobenthos; 
phanerogams macrofauna 
No of sampling sites 220 	66 
Present sampling 
Zoobenthos 
Chironomida 
e 
40 
Macroalgae, 
phanerogam 
s 
40 
interval 
Classification 
method 
5 yrs 5 yrs 
Ecol.groups, Biomass 
abundance, ecol.groups 
biotic index structure 
Fruitful cooperation between Helsinki and Tallinn has been practiced since 1992. 
Macrophyte communities have been surveyed on both sea areas with identical sampling 
and laboratory methods. It has been observed that macrophytes suit well for monitoring 
purposes (Kukk, Viitasalo and Martin 1995). So far experience is collected from species 
and communities which need and/or tolerate brackish water. Freshwater communities need 
further consideration because they mainly receive nutrients both from the sediment and 
surrounding water. An attempt is underway to analyze heavy metal content of brackish 
water macrophytes, too. 
In St.Petersburg it has been proved that information from different ecological (zoobenthos) 
groups can be combined into an integrated biotic index. This encourages to employ this 
method to other areas. Because of the strong spatial and temporal differences of the 
environmental variables (hydrography, pollution types, salinity, exposition, ice cover etc), 
additional comparative research is needed between the different polluted areas of the Gulf 
of Finland. 
Recommendations to future work on the space-independent bioincication systems: 
The working group recognises the high value of ecological modelling also in the littoral 
zone. Fast and simple indicators which combine the well-proven ecological parameters 
together with different responses on species level, is simultaneously needed. 
Comparative methodological studies between the different coastal areas should continue. 
According to the first planning workshop in Tvärminne, Finland, November 25-27th, 1966, 
one water area should be selected to a common pilot field. Prior to field work, a planning 
workshop is arranged in order to organize the study and to introduce the different research 
teams to the selected area. During the growth period 1998, joint field and laboratory work 
should be conducted together with a concluding seminar in late autumn. It was considered 
that an ample pilot area could be the Wyborg Bay or some other limited water area with a 
distinctive salinity gradient. 
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5.7 DOES THE VICINITY OF HELSINKI CITY CAUSE STRONG 
STRESS TO THE ZOOBENTHOS IN SEURASAARI AND VUOSAARI 
SEA-AREAS? 
J. Kotia, I. Kotta, I. Viitasalo 
Abstract 
In this paper the soft bottom macrozoobenthic communities in the vicinity of Helsinki City and 
Saaremaa Island are compared. First area may be ranked among most populated of the region, 
second is typified with its very low urbanisation level and pollution impact. 
Total abundances and biomasses are lower in the open sea of Helsinki City with an exception 
of isolated areas. The structure and diversity values of the communities are similar in both 
regions. In the larger spatial scale the zoobenthos of Saaremaa Island is more heterogeneous. 
It is concluded that the zoobenthos of Helsinki City is typical to eutrophicated sea-areas but the 
influence of municipal pollution inputs may be considered rather unimportant. 
Introduction 
Speedening up the urbanisation process results in an increased load of nutrients into adjacent 
waterbodies. This is accompanied with the decrease of light attenuation. Bad light conditions 
push macroalgal communities towards shallower areas and finally limiting the growth of the 
perennial species. This, in turn, creates severe problems to numerous benthic and nectobenthic 
species which use macroalgal belt for shelter, food or reproduction. The increase of organic 
particles in the water favours the development of monospecific filter- or detritus feeding 
communities such as Mytilus edulis and Macoma balthica. Bigger input of pollutants may 
easily wipe off all benthic fauna. 
In this study we assess the state of macrobenthos in the vicinity of Helsinki City. As a control 
we chose the coastal sea of Saaremaa Island which is situated far-off any municipal pollution 
impact. 
Material and Methods 
Study area 
Two regions were sampled in the coastal sea of Helsinki City (Fig. 1). 
Seurasaari Bay is situated in the suburban area of Helsinki City and Vuosaari sea-area about 
10 km eastwards from the latter. First is typified by a wide shallow areas with a narrow and 
relatively deep strait (6-10 m) which connects the bay to the open sea. Prevalent bottom types 
are silty and silty clay sediments with small gravel fraction, average depth of the bay is 2 m. 
There are a few islets in the bay.Vuosaari sea area is characterised as a relatively open sea-area 
with numerous scattered islands. There is a clear zonation of bottom types along depth gradient 
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in Vuosaari. Stone bottoms are predominant at the sealevel, these are replaced by gravel 
bottoms at 1-2 m and by silty or silty clay sediments at 2-2.5 m. 
H. Coastal sea of Saaremaa was selected as a control because the soft-bottom communities of 
this type occurs predominantly in the western archipelago of Estonia and the urbanisation level 
of the Saaremaa Island may be ranked among lowest in Estonia. The island is sparsely 
populated (14 inhabitants per km2). Most important field of economy is agriculture (but only 
11 % of the land is cultivated). Similarily to Helsinki sea-areas Saaremaa has diverse coastline 
having more than 600 islets. 
Sampling stations may be divided into two groups: isolated and open sea-areas. First group 
comprises study sites of Arju Bay, Kasti Bay, innermost part of Tepu and Köiguste Bay. The 
latter includes Kuressaare Bay, open part of K6iguste Bay, Sepamaa Bay and Tepu Bay. 
Sampling technique 
Samples were collected by a modified Petersen bottom grab (0.017 m2) in the coastal sea of 
Saaremaa in 1990-1993 (Kotta & Kotta, in Press) and in Seurasaari in 1995. Ekman-Lenz 
bottom sampler (0.04 m2) was used in Vuosaari in 1996. Sediments were washed through a 
0.25 mm mesh (nylon net bag) and the samples were preserved in 4 % buffered formaldehyde 
solution. In the laboratory, animals were counted under the stereo dissecting microscope. Total 
wet weight for each taxon was found to the nearest 0.5 mg. 
Statistical analysis 
A significance level of 0.05 was adopted to all statistical tests. After testing for normality of 
the data (Kolmogorov-Smirnov test for goodness and fit) and homogeneity of variance 
(Bartlett's, Hartley's tests), two way analysis of variance (Sokal & Rohlf, 1981) was performed 
on the abundance and biomass of macrozoobenthos. Region (coastal sea of Saaremaa vs coastal 
sea of Helsinki City) and isolation rank (isolated vs open areas) were involved as factors. 
Aditionally multidimensional scaling analysis (MDS) was run to answer the question whether 
the structure of zoobenthic communites has regional differences and which environmental 
factor might be responsible for these differences. An untransformed data of abundance and 
biomass of macrozoobenthic species was used to calculate the difference between the stations. 
Results and Discussion 
Two way ANOVA suggested that isolation and region is important in explaining the variance 
of total abundance of macrobenthos but only regional differences were significant for the total 
biomass of macrobenthos (Table 1)._Mean total abundance and biomass were higher in 
Saaremaa Island (1723 ind m', 99 g m 2) than in the coastal sea of Helsinki City (940 ind m 2, 
30 g m 2). Difference in total abundances was due to Mollusca. Vermes were more abundant 
in the coastal sea of Helsinki. Isolation rank and area did not contribute to the variance of the 
biomass of Vermes, Crustacea, Insecta larvae and Mollusca. 
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Table 1. Probability intervals of two-way ANOVA for the abundances and biomasses of 
macrobenthos against isolation rank and region (a = 0.05). 
Model Isolation Region Interaction 
total biomass 0.476 0.035 0.102 
total abundance 0.024 0.013 0.041 
biomass (Vermes) 0.522 0.205 0.641 
abundance (Vermes) 0.031 0.004 0.017 
biomass (Crustacea) 0.288 0.286 0.288 
abundance (Crustacea) 0.632 0.095 0.632 
biomass (Insecta 1.) 0.484 0.106 0.700 
abundance (Insecta l.) 0.054 0.981 0.782 
biomass (Mollusca) 0.458 0.041 0.104 
abundance (Mollusca) 0.709 0.000 0.279 
MDS analysis is considered more sensitive than species independent methods (e. g. ANOVA 
or similarity indices) in discriminating between sites or times (Warwick & Clarke, 1991). 
Taking into account the abundances of macrobenthic species, the agregation pattern of sites of 
MDS analysis shows that the communities of the coastal sea of Helsinki City are more uniform 
than that of Saaremaa (Fig. 2). 
X-axis of the figure corresponds to the isolation rank of an habitat having the highest values 
on the left side of the graph. The stations on the right side are characteristical open sea-areas. 
Similar results were obtained when biomass of the species instead of abundance were used in 
the analysis. Closed sea areas are numerically dominated by Chironomidae larvae, Bithynia 
tentaculata and partly by Theodoxus fluviatilis. The characteristical species of the open sea are 
Macoma balthica, Mya arenaria, Mytilus edulis, Idothea balthica, I. viridis, Gammarus salinus 
and G. oceanicus. 
Y-axis represents the occurrence of vegetation, lowest values refers to nonvegetated areas, 
higher values to the communities rich in macroalgae. In fact, the presence of algae coincides 
with this of gastropods i.e. Y-axis mainly reflects the proportion of Bithynia tentaculata and 
Theodoxus fluviatilis in the communities. The factor contributing to the variance of Y-axis of 
the analysis of biomass structure remains less clear. 
Supprisingly the communities of the coastal sea of Saaremaa and Helsinki City do not form two 
distinguished statistical populations as expected from the differences in their urbanistation 
level. Though, the spatial heterogeneity of the benthic communities is higher in the coastal sea 
of Saaremaa. Both areas are characterised by high occurrence of Insecta larvae (mostly 
Chironomidae) and Vermes. The abundance and biomass of Vermes were low, species 
composition was similar in whole study area. Species diversity, abundance and biomass values 
of crustacean were low. Bivalves might be ranked as a dominant group in the benthic 
communities (most common species was Macoma balthica). 
Based on the literature (J5rvekiilg, 1979; Dauer et al., 1981) the contribution of four different 
trophic groups in the communities was calculated. The proportion of deposit feeders is 
relatively high in the study area, especially in the coastal sea of Helsinki (Fig. 3). Nevertheless, 
two study areas are functionally different. A significant proportion of herbivores was observed 
in the coastal sea of Saaremaa implying abundant macrovegetation in the region. Suspension 
feeders comprise about 50% of the community in the open areas of Saaremaa Island. 
The comparative plots of the relative proportions of biomass and number of each species (k-
dominance curves) have been used to detect pollution effects on marine macrobenthic 
communities (Warwick, 1986; Warwick et al., 1987). The numbers diversity is higher than 
biomass diversity under stable unpolluted conditions and vice versa under grossly polluted 
communites. 
Here we assess this method to estimate the effect of disturbance (pollution, eutrophication) on 
the macrobenthos of different parts of the study area (Fig. 4). The macrobenthos of the coastal 
sea of Helsinki City as well as open areas of Saaremaa Island conform to the model of 
unpolluted communities i. e. the biomass curve is above the numbers curve througout its entire 
length. The isolated parts of the coastal sea of Saaremaa represents moderately polluted area. 
Though, the latter is clasified among the most conserved ecosystems in Estonia, it receives high 
quantities of nutrients from the Gulf of Riga (one of the most eutrophicated basin of the Baltic 
Sea) and therefore we may expect here very fast eutrophication processes. 
Revisiting the MDS analysis (Fig. 2) we may conclude that X-axis of the figure is due to the 
disturbance of an environment. Closed sea-areas are more disturbed whereas open sea 
encounter less stress. 
We may conclude that the zoobenthos of Saaremaa and Helsinki areas has some resemblance 
as for biomass and abundance level as well as dominance structure of the species. It suggests 
that both communities experience similar disturbance level i.e. similar pollution load. 
Nevertheless the zoobenthos of Saaremaa Island is more diverse in herbivores and suspension 
feeders which refers to its higher functional diversity 
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5.8 INFLUENCE OF HARBOUR CONSTRUCTION ON LITTORAL 
BENTHIC COMMUNITIES (KUNDA BAY, GULF OF FINLAND) 
K. Murumets, G. Martin, H. Kukk 
Abstract 
The benthic littoral vegetation of Kunda Bay area was studied during two seasons, in 
connection of evaluation of the effect of harbour construction on the coastal environment. 
Dredging and dumping of the soft sediment from the southern part of the Kunda Bay caused 
significant changes in the benthic macrophyte communities. These changes were obvious 
in annual filamentous species, perennial brown and red algae are reacting to the changes 
of environment much slower due to lower biological production rates. 
Modem multivariate statistical methods were used for classifying the bottom vegetation of 
the region. Classified groups of communities showed the changes of the habitat quality in 
the region close to the harbour construction location. 
Introduction 
At the present time coastal waters of the Baltic Sea, especially in the north-eastern part, are 
going to be heavily exploited by different kinds of industry and for recreational purposes. 
All these human activities bring remarkable changes to the coastal animal and plant 
communities. Coastal benthic communities are very suitable object for monitoring the state 
of the coastal ecosystem and changes in the habitat quality (Kautsky, 1993). 
On the example of harbour construction activities in Kunda bay we wanted to illustrate the 
changes taking place in the coastal littoral vegetation caused by human activity. 
Kunda Bay is situated 120 km from Tallinn on the southern coast of the Gulf of Finland. 
The environmental conditions of this area are very typical for the southern coast of the Gulf 
due to the morphology of the coastline, structure of the bottom composition in the littoral 
part and major hydrological and hydrochemical features. Relatively opened, the bay is 
influenced by intensive water-mixing processes. Kunda city and the local major pollution 
source, Kunda cement factory importing large amounts of limestone dust to the coastal sea 
waters, are situated near the coast in the middle part of the Bay. The Kunda river flows into 
the Bay near to the city. The water body of the Bay is divided into two parts by stony bank -
Puhakari. The region that is located eastwards from this shallow area is dominated by soft 
bottoms composed from fine granulated limestone fraction. Sandy bottoms are occurring 
in the quite limited area. Hard stony bottoms were dominating in the other parts of the 
Kunda bay. The depth values go up to 15 m in the central part of the Bay. 
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Harbour construction activities have been started in the autumn of the 1993. Up to that 
period the human influence on the coastal ecosystem of the bay was limited to the diffuse 
loadings of nutrients and limestone dust via atmosphere or riverine inflow. 
The aim of present investigation was to follow the changes occurring in the littoral 
communities during the intensive large scale harbour construction activities and to evaluate 
the littoral benthic communities as the biological indicators of the human impact. The 
benthic littoral vegetation of the Kunda Bay area was studied during two seasons, just 
before the habour construction in 1993 and afterwards during intensive construction and 
dredging activities in 1994. 
Material and methods 
The material for the present study was collected from 50 stations in the summers of 1993 
and 1994 (Fig. 1.). Several sampling techniques were used during this work, which 
included quantitative sampling by SCUBA diving and qualitative investigations by several 
mechanical tools. In 1993 the samples were collected by diving, between depth 0 and 15m 
and in 1994 by scraper from the uppermost littoral (max. depth 4 m). Collected samples 
were packed and fixed with Strasburger solution, which contains 45% of alcohol, 30% of 
glycerol and 25% of formaldehyde. In each sample several parameters were determined: 
community structure, relative abundance of different species in the communities, biomass 
(in quantitative samples). 
During the field studies following information concerning environmental conditions was 
recorded: depth of the sampling location, bottom type, total coverage of phytobenthos 
communities. The statistical multivariate processing of the collected material was done 
using the MVSP Plus package. 
Results and discussion 
In 1993, the benthic macrovegetation of the Kunda Bay area consisted totally from 17 
species : 5 taxa of brown algae, 8 species of green algae, 3 species of red algae and 1 
species of phanerogarms. Phytobenthos communities had certain regularity in geographical 
distribution in the study area. 
The distribution of phytobenthos biomass, number of species and total coverage in relation 
to the depth and bottom type is shown on the figure 2. 
The bottom vegetation of the investigated area was classified according to the species 
composition of the communities using simple Weighted Centoid clusterisation method. The 
similarity index was Binary Coefficient of Sorensen (Kovach, 1993). Three groups of 
communities with similar community structure including the species composition and 
abundance of the species were defined (Fig. 3). 
The first group had a strong dominance of the filamentous algae Cladophora glomerata and 
Pilayella littoralis and inhabited the bottom areas close to the shoreline south from the 
Puhakari and near Ulluneeme peninsula. Second group, located in the shallow stony 
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bottoms of Puhakari bank, had besides two above mentioned species also high abundance 
of Fucus vesiculosus. Third group, inhabiting mostly soft bottoms in the deeper central part 
of the Bay has quite big abundances of Furcellaria lumbricalis and Sphacellaria arctica. 
The great coastal areas in the Bay located between Puhakari and Letipea peninsula have 
mostly sandy bottoms in the uppermost littoral and are entirely lacking the macrophytic 
vegetation (Fig. 4). 
During the investigations of 1994 the samples were collected using the serniquantitative 
non diving sampling technique from the uppermost littoral. The comparison of the results 
obtained from the first year of investigations with the results of the second year survey was 
possible due to the data processing techniques taking into account mostly the qualitative 
part of the data. 
The comparison of the benthic communities distribution maps in the uppermost littoral of 
the Kunda Bay just before and during the harbour construction and dredging activities in 
the area showed the slight changes in the structure of the comnmunities and the distribution 
pattern of the communities. 
In 1994 the share of filamentous algae Cladophora glomerata and Pilayell littoralis in the 
areas inhabited by Fucus vesiculosus dominated communities has increased considerably. 
The hard substrates of shallow coastal areas close to the dredging site were inhabited by 
communities dominated by different eutrophication resistant filamentous algae as 
Cladophora glomerata and Enteromorpha sp. 
Conclusions 
The processing of the two year investigation results showed that the number of species of 
bottom vegetation have increased in the area from 17 in the 1993 to 19 in 1994. It could be 
as a result of the dredging and dumping impacting the chemical consistent and transparency 
of the water. 
The total biomass of phytobenthos communities in the area have increased due to the 
annual green filamentous algae - Cladophora glomerata. The total biomass of green algae 
has increased from 35% in 1993 to 45% in 1994. The share of the red algae decreased from 
25% to the 5 %. The abundance of perennial brown algae Fucus vesiculosus has stayed 
practically in the same level. The increase of the biomass of the brown algae (from 40% to 
50%) was caused by increased biomass of epiphyte Pilayella littoralis. This mass 
occurrence of annual filamentous algae could be caused by release of nutrients from the 
disturbed sediments. 
According to the data obtained from the two year investigation the intensive dredging 
activities in the Kunda Bay area have caused some eutrophication pattern in the nearcoastal 
environment. The disturbed area spreads through the central part of the Bay touching the 
shallow areas of the Puhakari bank and Letipea peninsula (Fig. 5). 
Besides the chemical contamination from the sediments the physical disturbence of the 
habitats were observed. The benthic algae communities located eastwards from the 
Puhakari bank were covered by thick gray suspension. Those fine suspension particles 
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could be from dredging area and brought to the Puhakan area with currents. This 
suspension was not found from the western area of the Ptihakari and also the distribution 
of suspension was limited by peninsula of Ulluneeme in the east. 
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Figure 1. Phytobenthos sampling stations in Kunda Bay in 1993, 1994. 
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5.9 ZOOPLANKTON ABUNDANCE AND BIOMASS IN THE 
GULF OF FINLAND IN 1996 
Verge Bogdanov 
Arno Pöllumäe Estonian Marine Institute 
Zooplankton samples were taken in May 24. - 31. from 21 stations and in August 6. - 12. 
from 22 stations, totally 72 zooplankton samples were collected (Fig. 1.). The Juday net 
(mesh size 90 µm) was used for sampling. Samples were taken from three layers if possible: 
from bottom to halocline, from halocline to thermocline and from thermocline to surface. 
Material was analysed according to HELCOM guidelines (Baltic Sea Environment 
Proceedings No. 27 D, pp. 88-90). 
Altogether 26 zooplankton taxa were found in Gulf of Finland in 1996. Dominating species 
in the Gulf of Finland in May and August were rotifers Synchaeta baltica, S. monopus, 
Keratella quadrata and K. cochlearis, copepods Eurytemora hirundoides, Temora 
longicornis, Limnocalanus macrurus, Pseudocalanus elolongatus and Acartia bifilosa, 
cladocerans Evadne nordmanna, Podon polyphemoides and Bosmina coregoni maritima. 
In May the abundance of zooplankton was in the Gulf of Finland between 2000 and 17500 
and m 3 and the average was 5000 and m 3 (Table 1.), the average biomass was 42 mg m 3  
and fluctuates 10 - 188 mg m"3. In August the zooplankton abundance was in range 6000 -
312000 and m 3 and biomass 40 -1033 mg m 3, averages were respectively 51500 and m 3 and 
189 mg m3. 
In deeper layer of station N12 Harpacticoida formed 36 % of zooplankton abundance and 
10 % of biomass. The high share of that benthic group could be caused of poor oxygen 
conditions near the bottom. 
In station PW in August 22 % of copepods (except nauplius stages) were infected by some 
epibionts, probably by Udonelida. Some infected animals were also found from others 
stations. 
In Spring the abundance of copepods was somewhat higher in eastern part of the Gulf, the 
biomass of copepods grows constantly with latitude (Fig. 2.). The reason for that was 
Limnocalanus macrurus, whose share in zooplankton was highest in East. The abundance 
of rotifers was decreasing slowly eastwards, while biomass seemed to be guate stable. The 
cladocerans were represented in May only in few stations. 
In Summer very high rotifer numbers in stations G and 12c were observed. This had strong 
influence to the rotifer trendline (Fig. 3.). However, the abundance and biomass of 
copepods and cladocerans was growing also eastwards. 
The abundance of all zooplankton groups was in May 1996 on the same level with average 
of 1993 - 1996 (Fig. 4.). In comparison with 1995 the zooplankton abundance was 
somewhat lower in May in the investigated area. Especially the number of copepods, being 
the dominating group, was much lower in the western part of the gulf. The quality of 
zooplankton data is in strong correlation with matching the zooplankton maximum. In 1996 
the sampling period was too late. 
In August 1996 zooplankton abundance was less than in 1995 and summer average of 
1993-96. The reason for that could be the low temperature in June and July. Although the 
temperature was increasing in late July and August, the population of copepods could not 
gain the high abundance in such a short period. 
High water temperature and low abundance of other zooplankton groups caused good 
conditions for rotifers in regions, where their share is normally high (eastern part of Gulf 
of Finland). Rotifer abundance in that regions in August 1996 exceed two to three times 
abundance of 1993-95. 
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Table 1. Zooplankton stations in Gulf of Finland 1996. 
Sampled depth m Zooplankton abundance ind/n3 Zooplankton biomass mgAn3 Number of taxa 
Station Region Latitude Longitude Spring Summer Spring Summer Spring Surtoner Spring Summer 
H1 West 	• 59°29.0 22°54.0 75 75 2792 18837 10,2 136,3 14 18 
22 West 59°26.0 23°09.0 92 90 2485 13389 21,8 83,6 14 15 
23 West 59°19.5 23°16.0 88 90 3559 6004 14,7 40,4 16 24 
23a West 59°11.0 23°22.0 22 20 5655 30600 26,0 142,8 13 22 
PW West 59°20.5 24°02.0 19 19 2440 15186 15,7 70,8 16 20 
PE West 59°22.8 24°09.3 19 16,5 4112 28756 24,0 146,1 12 19 
19 Central 59°36.5 24°21.0 80 75 2878 17668 19,6 140,8 13 19 
2 Central 59°32.8 24°39.2 22 20 3705 23691 16,4 90,0 12 16 
57a 	• Central 59°27.0 24°47.3 7 6 4453 43188 18,3 147,6 15 17 
F3 Central 59°50.3 24°50.3 71 76 3050 14485 19,0 81,7 19 17 
3 Central 59°32.8 24°57.0 N.S. 30 N.S. 29883 N.S. 110,2 N.S. 16 
17 Central 59°43.0 25°01.0 92 98 3131 22168 23,9 115,8 18 23 
18 Central 59°37.5 25°11.0 96 95 3369 16505 47,2 54,9 17 17 
18a Central 59°33.0 25°20.0 36 42 3960 24244 14,6 98,2 14 19 
14 East 59050.0 25037.0 74 70 1951 25261 17,5 94,9 19 19 
F1 East 60004.4 26020.5 60 60 3568 19880 17,5 108,9 14 17 
G East 59°33.8 26037.4 10 4,5 16719 297030 188,5 1033,0 11 14 
12c East 59°28.0 2701.0 9 6 4958 312326 76,3 905,0 16 19 
15 East 59032.4 27010.5 20 19 4614 79599 53,6 202,8 19 16 
N12 East 59°38.0 27027.0 37 36 2598 38421 30,4 ' 	 151,3 19 18 
38 East 59024.4 27047.0 6,5 5 17388 32500 152,8 104,0 13 15 
N8 East 59029.6 27059.0 17 13 5622 23558 70,2 103,1 16 13 
average West 53 52 3507 18795 18,8 103,3 14 20 
average Central 58 55 3507 23979 22,7 104,9 15 18 
average East 29 27 7177 103572 75,8 337,9 16 16 
average Total 45 44 4905 51508 41,8 189,2 15 18 
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Figure 2. Zooplankton abundance (ind m 3) and biomass (mg m 3) in May 1996. X-axis represents 
longitudional gradient. 
Abundance 
so0o 
4000 
• 
• 
A e 
• 
2OX 
• • 
° 
• 
A 
A A 
• e A • A 
A 
A 	• A A 
0 
H1 	22 	23 23a PW PE 19 2 	57a 	F3 	17 18 18a 	14 Fl 	G 	12c 	15 N12 38 N8 
iomass • 
60,00 
• 
• 
40,00 
20,00 
Q 
♦ e ~ 
• • ~ 	e D 
• ♦ e ° e 4 
0,00 
Hl 22 	23 23a RN PE 19 2 	57a F3 	17 18 18a 	14 Fl 	G 12c 15 N12 38 N8 
• COPEPODA m CLADOCERA e ROTATORIA 
Copepoda linear trendline Rotatoria linear trendline 
Figure 2. Zooplankton abundance (ind m 3) and biomass (mg m 3) in May 1996. X-axis 
represents longitudional gradient. 
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Figure 3. Zooplankton abundance (ind m-3) and biomass (mg m-3) in August 1996. X-axis represents 
longitudional gradient. 
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Figure 4. Abundance (ind m 3) of zooplankton groups in the Gulf of Finland 1993-96. A - May, 
western part; B - May, central part; C - May, eastern part; D - August, western E - August, central 
part; F - August, eastern part; Abundance of cladocerans are shown in second y-axis. 
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5.10 CERCOPAGIS PENGOI - A NEW SPECIES IN THE 
EASTERN GULF OF FINLAND ECOSYSTEM 
Valentin A . Avinski 
Institute of Lymnology, Russian Academy of Sciences, 
Sevastyanov Street 9, 196199, St.Petersburg, Russia 
Abstract 
Cercopagis (Cercopagis) pengoi (Ostroumov, 1891), the cladoceran predator from the 
Caspian Sea basin, was discovered in September 1995 in plankton of the Eastern Gulf of 
Finland. 
A brief description of its geographical origin, distribution, morphology, systematics and 
biology is presented. Data of C. pengoi horizontal and vertical distribution in the 
Eastern Gulf of Finland are given. C. pengoi population occupies the main part of the 
Eastern Gulf of Finland and it is the basic cladoceran predator at present: the average 
abundance for the deepest part of the Eastern Gulf of Finland for 1995 and 1996 
September was 157 and 150 ind. per cubic meter correspondingly (for the layer 0-10 
meter). Dramatical decrease of cladoceran-filtrators abundance after C. pengoi 
appearance is observed. 
Possible consequences of C.pengoi invasion for the eastern Gulf of Finland ecosystem 
are discussed. 
Introduction 
Recently much attention has been devoted to the problem of the introduction of new 
species into water ecosystems. The most wellknown and well-studied examples are the 
introductions of the bivalve mollusk Dreissena polymorpha (Pallas) and the predatory 
cladoceran Bythotrephes cederstroemi (Schoedler) into the ecosystems of the 
American Great Lakes (Garton and Berg, 1990; Griffits et. al., 1991). The examples 
described above are resulted from unintentional introductions of the species. There are 
also examples of the undesirable establishment of exotic species resulting from their 
intentional introduction (Panov, 1996). 
The introduction of new species into waterbodies ecosystems leads to the 
reconstruction of the ecosystem structure and the accompanying changes in functional 
characteristics and destruction of stable trophic relations. Especially significant are 
changes in the food web when a new predatory species is introduced due to their high 
position in the trophic chain (Lehman and Caceres, 1993; Vanderploeg et al., 1993). 
This paper presents data about the establishment and certain biologycal features of the 
predatory Caspian cladoceran Cercopagis (Cercopagis) pengoi (Ostroumov, 1891), 
which we first discovered in the plankton of the Eastern Gulf of Finland in September 
1995. This species, endemic to the basin of the Caspian Sea was also found in the 
North-Eastern part of the Gulf of Riga (Ojaveer and Lumberg, 1995), and also in Finnish 
coastal waters (Kivi, 1995). 
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Materials and Methods 
Zooplankton samples were collected from the Russian part of the Gulf of Finland at 13 
stations from 12 to 21 of September, 1995and from 6 to 9 of September 1996, and at 10 
stations from 9 to 12 of October 1996 as a part of a complex study of the water system 
including Lake Ladoga, the Neva River, the Neva Bay, and the Eastern Gulf of 
Finland. These stations represent the main regions of the Eastern Gulf of Finland (Table 1, 
Fig.2) 
The samples of zooplankton were taken using a medium tow-net (mouth diameter 25 cm, 
mesh 120 rnkm). At stations with a depth of less than 10 m, samples were taken from the 
bottom to the surface. At stations with a greater depth, samples were taken from two 
layers: 0-10 m and 10 m to the bottom. At the deepest stations (st. 2-4) samples were 
taken from the layers 0-5 m, 5-10 m and 10 m to the bottom. 
The samples were treated by traditional methods using Bogorov's counting tray. 
For assessment of the biomass the individual weight of organisms was determined 
according to the equation: w=glb, where w - wet weight (mg), I - body length (mm), q 
and b - species-specific coefficients (Balushkina and Winberg, 1979). The biomass of C. 
pengoi was calculated using equation proposed for genus Bythotrephes: w=0.07712.9" 
The biomass of other species of zooplankton was calculated by using analogous 
equations. 
A brief characterization of Cercopagis pengoi 
Cercopagis (Cercopagis) pengoi (Ostroumov, 1891) belongs to the order Cladocera, 
the family Cercopagidae, which has two genera: Bythotrephes and Cercopagis. The 
genus Cercopagis is represented by a great number of species whose distribution is 
limlted almost without exeption to the Caspian Sea (Flossner, 1972). C. pengoi is the 
only species of this genus which has spread further. It inhabits the Caspian Sea, and, 
spreading beyond the boundaries of its main habitat, the Aral and Azov Seas. The given 
species has been found in the estuaries of the Danube, Dnieper and Bug, and it has 
been encountered in the coastal lakes of Bulgaria, and it has settled in Tsimlyansk and 
Kakhovka reservoirs . 
In relation to temperature, the majority of Cercopagidae are thermophilic forms. The 
temperature at which C. pengoi appears in the plankton is 17°, and the temperature at 
which they disappeared from plankton is 13-16°. 
C. pengoi is a euryhaline species encountered in waters of normal Caspian salinity as 
well as in fresh water, but it prefers low salinity waters. The optimal salinity range is 
rather wide, from 2 to 10 %° , and it differs in different waterbodies: maximum population 
density in the northern Caspian Sea occurs at a salinity ranging from 3-4 to 10 %, 
while in the Dnieper-Bug estuaries the maximum density is reached at 1-3 %°. 
Daily vertical migration has been noted for C. pengoi C. pengoi, as other 
representatives of the genus, is an obligate predator (Mordukhai-Boltovskoi and Rivier, 
1987). 
Morphologically, C. pengoi is similar to Bythotrephes, however there is a number of 
distinct differences: C. pengoi has a rather long abdomen - prosoma:abdomen ratio is 
around 1, then for Bythotrephes the indicated ratio range from 2 to 3; eye pigment takes 
up no more than 20 % of the diameter of the eye (for Bythotrephes pigment takes up 
50 %); the most characteristic indication of C. pengoi is the presence of a long tail-spin 
with a s-shaped bend, pointing under the corner toward the axis of the body ( Fig. 1). 
Results 
C. pengoi was first discovered in the waters of the Eastern Gulf of Finland in September, 
1995. In September, 1994 it was not noticed. In 1995, C. pengoi was present in the 
plankton at 12 out of 13 stations (Fig. 2). The distribution of C. pengoi was extremely 
uneven, the coefficient of variation (CV) was 94%. Average numbers for C. pengoi at 
the 0-10 m layer composed 109 ind m3 (SD=102). Maximum densities were recorded at 
stations 2 and 20, where the numbers reached correspondingly 316 and 312 ind m 3. 
During the period of observation, the population was represented by both parthenogenetic 
and gamogenetic females and males, that is to say, it was found to be at a stage of 
preparation for wintering. The temperature of surface water was 12.0-12.5° , salinity 
fluctuated from the boundaries of 0.5-4.4 %o. 
Research from September, 1996 showed that the population successfully survived the 
1995-1996 winter and C. pengoi became a permanent component of the Eastern Gulf of 
Finland zooplankton. The unevenness of the horizontal distribution of population became 
more distinct in comparison with 1995, C. pengoi was absent at two of the 13 stations 
and the CV was 140% (Fig.3). The average density of C. pengoi for the 0-10 m layer 
composed 60 ind m"3 (SD=84). Maximum population densities - from 143 to 283 
ind m 3 were recorded in the deepwater zone of the Eastern Gulf of Finland. The 
temperature of surface water was 9.6-16.4°, salinity varied from 0.5 to 4.3%o. 
The deepwater zone of the Eastern Gulf of Finland (st. 1-4) in both years was 
characterized by the most even distribution of C. pengoi: average population density 
for September 1995 and 1996 (0-10 m layer) was 157 and 150 ind m 3 with a 
corresponding CV of 66-67%. 
The abundance of C. pengoi severely decreased in October, 1996: The average 
density at 10 stations composed 127 ind m 2 (SD=116). The maximum density was only 
18 ind m-3 . Surface water temperatures fluctuated from 8.2 to 9.5°. 
The appearance of C. pengoi in plankton of the Eastern Gulf of Finland was accompanied 
by a sharp decline in the density of zooplankton (Table 2). Its abundance and biomass 
in September, 1995 and 1996 in comparison with September, 1994 decreased 
threefold. The cladocerans density decreased especially sharply (9-15 times). In view 
of this, C. pengoi formed 33% of the cladocerans biomass in September, 1995 and 28% 
in September, 1996. 
The vertical distribution of C. pengoi population was characterized by a straight 
stratification. So, the average densities for the three deepwater stations (st. 2-4, 
September, 1996) were: for the 0-5m layer - 297 ind m 3 (SD=127); for the 5-1 Om layer 
- 103 ind m 3 (SD=27); for the lOm to bottom (the average depth being 47m) - 22 
ind m 3 (SD=4). Comparison of the vertical distribution of the population during 
day and night periods testified to the absence of C. pengoi vertical migration in the fall 
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period (Fig. 4). During both daylight and night time periods 80-90% of the population 
was concentrated in the 0- 1 Om layer, and no more than 20% was present in the lower 
zones. 
Discussion 
Up until September, 1995 C. pengoi was not detected in the Eastern Gulf of Finland, 
including our research in September, 1994. However, judging by the massive 
presence of C. pengoi in 1995 we can suppose that its appearance was at an earlier time. 
Apparently, in 1994 a small population of C. pengoi left the plankton before the time 
of our research. 
The density of C. pengoi in the Eastern Gulf of Finland is rather high for plankton 
predators - the maximum abundance exceeds 300 ind m 3. At the same time, in 
accordance with our data, maximum density of the C. penqoi-related species, 
Bythotrephes longimanus in the most productive southern part of Lake Ladoga in August 
1994 for 22 stations composed only 150 ind m 3. Evidently, the living conditions of the 
Eastern Gulf of Finland are sufficiently favorable for C. pengoi. Nevertheless, the 
character of the horizontal distribution of C. pengoi along temperature and salinity 
gradients, and a gradient of depths demonstrates several specifications of its ecology. 
The data from September, 1995 (Fig. 2) indicates to C. pengoi's avoidance of shallow (st. 
19,26,3k) and most fresh (st. 61) waters. Average density for these four stations was 
only 7 ind m 3 (SD=5), while for the other stations the analogous value composed 154 ind 
m 3 (SD=91). 
Similar sharp differences in population density of C. pengoi were observed in the 
deepwater sites of the Eastern Gulf of Finland and in all the rest of the observed water 
territory.The average density for the four deepwater stations was 150 ind m"3 (SD=101) 
while the relative value for the other stations was only 20 ind m 3 (SD=19). The specifics 
of the distribution of C. pengoi in the given case was influenced by upvelling, the results 
of which were that the surface waters temperature at st. 1-4 were 16.4 while the average 
temperature for the rest of the stations was only 12.8 ° (SD=1.4). In such a way, the 
nature of the distribution of C. pengoi confirms the thermophilic character of these 
species (Mordukhai-Boltovsckoi,1987). Although the presence of C. pengoi in October, 
1996 allowed to determine the lower temperature for its disappearance from the 
plankton to be on the level of 8-9 °,which is significantly lower than such limit in the 
Caspian Sea, which range from 13 to 16° (Rivier, Mordukhai, Boltovsckoi, 1966). 
The lability of C. pengoi (as concerns salinity and temperature) obviosly enabled it's 
successful penetration into coastal waters of the Baltic Sea. Presumably C. pengoi was 
brought into the Baltic waters (evidently several times) from ship ballast waters. This 
species was discovered in great amount (up to 300 ind m 3) in August, 1994 in Parnu 
Bay and the North-Eastern part of the Gulf of Riga (Ojaveer and Lumberg, 1995). In 
September, 1995 C. pengoi was discovered in the coastal waters of Finland near Kotka 
and Hanko peninsula (Kivi, 1995). 
The omnipresence of C. pengoi in the Russian part of the Gulf of Finland shown by our 
research, and the above mentioned locations allow us to suppose a wide distribution of 
this Caspian endemic in the brackish waters of the Baltic Sea. It is evident that the wide 
range of optimal salinity - from 2 to 10 %o (Mordukhai-Boltovskoi and Rivier, 1987) 
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does not restrict spreading of C. pengoi throughout the Baltic Sea. In such a way it is 
likely that the basic factors, which will limit its distribution are water temperature 
and food availability. 
The massive appearance of C. pengoi in the coastal waters of the Baltic Sea, its wide 
distribution and formation of stable populations gives importance to the question of 
evaluation of its role in ecosystems. 
The intense effect of C. pengoi on the structure of the ecosystems makes itself felt, 
before all else, in that it is an obligate predator and, accordingly, occupies a sufficiently 
high position in the trophic web and may cause a significant restructuring of the 
food chains. 
On the one hand, C. pengoi being a rather large representative of the zooplankton (up to 
2.25 mm by our data) is actively used by planktivorous fishes, and thus serves as a basic 
component of the Baltic herring's diet (Ojaveer and Lumberg, 1995). On the other hand, 
as an active predator, C. pengoi uses a significant amount of filter-feeding zooplankters 
so that perhaps it will bring about a decrease in the density of zooplankton as has been 
observed in the Eastern Gulf of Finland after the appearance of C.pengoi (Table 2). It is 
already known that the introduction of C. pengoi-related Bythotrephes to Lake Michigan 
brought with it changes in the species composition and decreasing of cladocerans density 
(Lehman and Caceres, 1993). In its turn, the decrease in the density of filtrators and the 
resulting decrease in filtration activity of zooplankton may bring in its wake an 
intensification of phytoplankton vegetation wich would speed up the undesirable 
process of eutrophication. 
The introduction of C. pengoi to the coastal ecosystems of the Baltic Sea and its successful 
development there demands, in addition to carrying out the typical monitoring, setting up 
a system of special works to determine the effect of the invader on ecosystems. 
The indicated works should include a study of the life cycle of C. pengoi, its feeding 
activities, and its interaction with other bioloqical components of ecosystems. 
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Table 1. Selected data on the sampling sites of the Eastern Gulf of Finland where C. 
pengoi was found. Site coordinates, depth of the net towing (m) and C. pengoi abundance 
(ind m 2) are provided. 
Site Coordinates Depth Abundance of C. pengoi 
9.1995 	9.1996 10.1996 
19 60 06.9'N 29 54.4'E 9.0 42 84 40 
20 60°08.7N 29°42.0E 11.5 3120 0 
21 60 05.5N 29°43.7'E 13.5 1287 168 
26 59 58.6N 29 37.0E 7.5 60 36 112 
24 6001.7'N 29 25.4'E 20.5 1225 20 360 
1 60 04.0N 29 08.0'E 28.0 1530 0 270 
2 60 05.0N 28 43.0'E 36.5 3352 2350 252 
3 60 07.0N 28 04.0E 50.5 2052 3818 43 
4 60°07.0N 27°23.0'E 60.5 710 2258 
3k 59 52.0N 28 56.0E 15.0 0 616 14 
6k 59°51.5N 28°41.5'E 25.0 1250 220 96 
61 59 49.8N 28 26.0E 31.0 176 280 26 
A 60 33.4N 28 21.6'E 27.5 1096 590 54 
Table 2. Total zooplankton abundance (Nz, ind m 3), cladocerans abundance (Nclad, ind 
m 3) and there biomasses (Bz, Bclad, mg m 3) in September 1994-1996 for Eastern Gulf of 
Finland (SD in brackets). 
1994 	 1995 	 1996 
Nz 	 50291(41841) 12613(7232) 13399(13006) 
Bz 857(594) 239(112) 289(215) 
Nclad 	 22089(17593) 2504(1622) 1443(1548) 
Bclad 377(293) 49(32) 40(28) 
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Fig. 1. Cercopagis (CercopagisJ pengoi (Ostroumov, 1891). 
1-3 - parthenogenetic female; 
4 - gamogenetic female; 
5 - male. 
(Morgukhai-Boltovskoi and Rivier, 1987). 
255 
Fig. 2. Horizontal distribution of C. pengoi in the 0-10 m layer in the Eastern Gulf of 
Finland (September, 1995) 
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Fig. 3. Horizontal distribution of C. pengoi in the U-lU m layer in the Eastern Gulf of 
Finland (September, 1996) 
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Fig. 4. Vertical distribution of C. pengoi (percent from abundance under square meter) 
at the day (A - 9a.m.-3p.m.) and night (B - 9p.m.-3a.m.). 
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5.11 THE ZEBRA MUSSEL (DREISSENA POLYMORPHA) - A 
NEW IMPORTANT ELEMENT IN THE FAUNA OF THE GULF 
OF FINLAND 
Välipakka P. ', Antsulevich A.E. 2, Vaittinen J. 3, Taskinen J. 3  
1) Southeast Finland Regional Environmental Center, P.O. Box 1023, FIN-45 101 
Kouvola, Finland ; email:pentti.valipakka@vyh.fi 
2) Department of Hydrobiology and Ichthyology, St.-Petersburg State University, 
Russia. 
3) Department of Biological and Environmental Science, University of Jyväskylä. 
In Summer 1995 the zebra mussels (Dreissena polymporha) were found firstly in 
Finland. Modem distribution and regional ecological features of these molluscs have 
been studied in Summer 1996 in the Gulf of Finland. The SCUBA-diving, and 
underwater long-term experiments and plankton larvae investigations were used. 
The zebra mussels are distributed by now along the Northern coast of the Gulf of Finland 
from the St.-Petersburg region on the East to Pellinki Archipelago on the West. Along 
the South coast it is common from Koporsky Bay on the East to the Narva Bay on the 
West included the islands. Vertical distribution of the zebra mussels observed on all sites 
of the Gulf is 1,5-12 m, but mostly they inhabits between 3 and 7 m. 
Along the Finnish coast the abundance of Dreissena drops down dramatically in East-
West direction from 5-8 ind./sq. m in the region neighbouring to the Finnish-Russian 
border to 1 ind./5-10 sq. m in the area of water nearby Vehkalahti and Hamina. From the 
region of Kotka to the West the density of mussels can be estimated as 1 ind./100 sq. m. 
In the Russian part of the Gulf of Finland an abundance of the zebra mussels is usually 1-
2 orders of magnitude bigger. In many sites D. polymorpha becomes the dominant 
species on the hard bottom. 
It can be predicted in nearest years its abundance will increase in the Northern coast of 
Gulf of Finland. How far to the West in the Finnish waters Dreissena could penetrate 
depends if this originally fresh and warm water species can reproduce in rather cold and 
saline waters. In Wyborg Bay (Russia), anyway, zebra mussel seem to reproduce 
regulary. Based on the results got during the cold summer 1996 reproduction of D. 
polymorpha in Finnish waters may be questionable. 
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6. FISHERY RESEARCH 
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6.1 CHANGES OF THE FISH CROP IN THE EASTERN PART OF 
THE GULF OF FINLAND AS A RESULT OF NATURAL AND 
MAN-INDUCED FACTORS' IMPACT 
L.A. Kudersky 
Institute of Limnology, Russian Academy of Sciences 
Introduction 
There have been recorded 53 species of cyclostomes and fishes in the Eastern part of the 
Gulf of Finland; though that number does not consider some accidental species, 
appearing as a result of acclimatization and fishery activities (Kudersky, 1996). In terms 
of Ecology the fishes' population of the Gulf looks heterogenous and involves three 
groups of species: marine, anadromous and semi-anadromous and freshwater ones. The 
first-group fishes populate the open areas to the west of the Kotlin Island. Only some of 
them come round to the estuary (Neva-River Bay) and nearshore waters (Vyborgskiy Bay, 
Luga-River and Kopor-River Bays, etc.). One of the first-group species, the Baltic 
herring, comes round to nearshore area for the short time to spawn. The third-group 
species inhabit the nearshore freshened waters along the Gulfs Eastern coastline, and 
the Neva-River Bay waters among them; they are rather scarce in open areas. The fishes 
of the second group (anadromous and semi-anadromous) inhabit mainly the open areas 
of the Gulf, and as to salmon, it reaches the more western parts of the Baltic Sea and 
pastures there. The second-group species could be found in the nearshore areas and in the 
inflowing rivers during the short time of spawning. But in some species, i.e. salmon, sea 
trout, river lamprey, juveniles stay in rivers during several years (up to 2-3) till they 
reach the migration stage. 
Since they are distributed through different parts of thr Gulf, the three mentioned groups 
of species are differently affected by the natural and Man-induced environmental 
factors. The freshwater fish-species are exposed to these factors most of all, as far as 
their environments are very close to the regions with the most active human managing 
activities. 
During 1966-1995 the fish catches in the Eastern Part of the Gulf of Finland were not 
stable, but changed either annually or at some other intervals. As far as during the whole 
of the observed period an intensive fishery in the Gulf was provided, we may consider 
that the catches' fluctuations reflect adequately enough the fluctuations of the abundant 
fish-species' populations. The mentioned correspondence of the catches' and population 
abundance's values appears to be reliable enough till 1991, as far as during the period of 
1946-1991 the procedure, providing the fishery statistic records with the data on catches, 
was held accurately enough. Since 1991, with economic and structural changes, that took 
place in the country, as a whole, the fishery reporting procedure was broken, and 
therefore the great deal of data on catches of some (the most precious) species appeared 
not to be considered in the statistical documents. That is why the data presented below 
concern mostly the period of 1946-1991. As to the later period, the catch data on several 
fish species, that are complete enough, were used only. 
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The analysis of catch statistic data in context of possible impact of different natural and 
Man-induced factors on fishes' population is presented below. It should be stressed, that 
currently it has been usual to correlate all the changes in the commercial fish-species' 
catches and populational structure with the effect, produced by different Man-induced 
factors upon the ecosystems, that they inhabit. Such a line of apporoach arises from the 
Man's managing activity impact on nature, that is growing and growing, and often it 
overgrows the water ecosystems' selfregulating potentials. While it is not quite right to 
attribute all the changes in the fishes' population to Man-induced factors only. There 
are usually two groups of factors in water environment: natural and Man-induced. Their 
effect might be stressed or suppressed (at least partly) by each other. I will consider this 
aspect in the work, presented below. 
I suppose, that the presented study must develop somehow my previous works, dealing 
with the state of the fishes' population in the Eastern part of the Gulf of Finland 
(Kudersky, 1987; 1994a,b; 1996; Kudersky, Lavrentiyeva, 1996; Kudersky, 
Schimanovskaya, 1996). 
Marine fish species 
There are 19 marine fish species found in the Eastern part of the Gulf of Finland. Most of 
them are scarce and uncommercial. Only five species are considered to be the commercial 
ones, they are: Baltic herring, Clupea harengus membras L., sprat, Spratus spratus 
(Schneider), cod, Gadus morbus callaris L., eelpout, Zoarces viviparus (L.),and flounder, 
Pleuronectes flesus trachurus Dunker. The Baltic herring, eelpout, and flounder, among 
them are the permanent inhabitants of the Gulf. As to sprat and cod, both of them come 
round to the Gulf from time to time from the more western parts of the Baltic Sea. 
Among the fish species, inhabiting the Eastern part of the Gulf, the eelpout and flounder 
appear to be of low commercial importance. There are no regular annual records of these 
species in the catch statistics. The eelpout's catches are reported only for six years of the 
examined period (1966-1995). The eelpout's removal in that period made up 0.3-28.8 tons 
per year; during the rest of the period it was either not caught or catch was small and 
assigned to the category of the "rest fishes". Though eelpout is considered to be delicious, 
no special fisher is provided. There are data for the flounder only for thirteen years of the 
examined period. Its annual catches ranged from 0.lto 11.0 tons, and only once (1980) 
they were as high as 137.4 tons. Though flounder is considered to be rather delicious, no 
special fishery is provided, as far as they are too few. During the years, when they were 
recorded in the fishery statistic documents, the catches of both of the species were rather 
unsteady. But it seems to be impossible to reveal any pattern in the abundance dynamics, 
as far as there were too few years, when the fishery was provided. It should be noted 
only, that during the recent 10-15 years the fishery of both of these fish-species was 
practically ceased. 
Among the permanent inhabitants of the Eastern part of the Gulf of Finland, the Baltic 
herring appears to be dominant commercial species. It is being caught during major part 
of a year in the area to the west of the Kotlin Island. The herring fishery involves the catch 
of the spawners' stock in springtime, and the catch of the pasturing and overwintering 
stocks during summer/fall- and wintertime (Morozova et al., 1971; Telegin, 1971; 
Popov, 1983). The Baltic herring annual catches range widely from 2430 to 25910 tons, 
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i.e. within 10.7 times. But either its catches are high or not, they make up the major part of 
the marine fishes removal (in some years - up to 100%) in the Eastern part of the Gulf of 
Finland. 
Due to the Baltic herring abundance and to its habit of aggregating into thick shoals, a 
good and economically effective fishery might be provided. When its fishery takes place, 
numerous fleet vessels and a lot of fishermen from the Leningradskaya Province are busy 
with it. The Baltic herring population of the Eastern part of the Gulf of Finland 
experiences a high fishery pressure; if the fishery is unlimited, the stock might get 
exhausted. To prevent the fish stock of such an exploitation, the legislative limited 
removal has been set, its value is specified annually and based on scientific implications. 
The mentioned limitation does not seem to change much the dynamic pattern of catches in 
long-term aspect, as long as the annual legislative catch value directly corresponds the 
fish stock abundance defined for the concrete year. 
The catch dynamics of the Baltic herring during 1946-1995 is given in figure la. 
Baltic herring has got a short life cycle, therefore its catches change greatly from year to 
year; in some occasions the fluctuations appear to be rather great even if they are 
taken for consecutive years. For instance, in 1965 the herring catch was 2.7 times as high 
as in 1964. in 1968 - 1.4 times as high as in 1967, in 1978 - 1.5 times as high as in 1977. 
And on the contaray in 1972 the Baltic herring catch was 1.3 times as low as in 1971, in 
1975 - 1.3 times as low as in 1974, 1 n 1976 - 1.3 times as low as in 1975, in 1979 - 1.3 
times as low as in 1978, and in 1993 - 1.7 times as low as in 1992. Along with the 
consecutive-year fluctuations some years with the highest catches could be observed (fig. 
la). They may appear not very regularly, in 3-9-year spans. Both the consecutive-year 
fluctuations and periodical peaks in catches manifest the short-term changes in the Baltic 
herring population abundance. 
While analysing the stock dynamics it is usual to draw attention upon these short-term 
catch fluctuations. This procedure is dictated either by the usual studies' goals (to define 
the current state of stock and to forecast the catches for the nearest future) or by the limited 
series of annual data, being involved. But in the Eastern part of the Gulf of Finland the 
Baltic herring also experiences the specific long-term fluctuations of catches. As one can 
see in the figure la, in 1946-95 the catches changed the following way: they had been 
gradually growing up to more then 10,000 tonus, occurring in 1959, and then lowered to 
5345-5365 in 1963-64, as if they displayed the casual character of the catch upraisal of 
1959-62. Therefore period of 1946-64 might be considered as years with lowered herring 
abundance and catches. This period somehow continues the succession of years with 
low catches, observed during. 1929-40, when the herring annual removal was no more than 
5480 tons (Fish Resources..., 1941). Beginning from 1965 the Baltic herring removal from 
the Eastern part of the Gulf of Finland had grown up strongly and during 28-year period 
up to 1992 remained no less then 10,000 tons per year. During seven years within this 
period the herring annual catches exceeded 20,000 tonns, in 1971 they reached 22,000 
tons, in 1970 - 23,432 tons, in 1968 - 24,026 tons, in 1969 - 25,610 tons. All the years 
from 1965 to 1992 make up a discrete long period of herring's high catches. Since 1993 
the herring catches in the Eastern part of the Gulf of Finland started lowering again. 
As it took place, from the pre-War years up to 1964 the Baltic herring stock remained at 
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the low level, and from 1965 to 1992 - remained at a high level. 
The observed cycle of long-term changes as a whole appeared to be about 50-60 years 
long. But this value needs correction. Taken either during the low-level phase, or during 
the high-level phase, the long-term cycle of herring's abundance changes is being 
superimposed by its short-period fluctuations; that induces changes in the Baltic herring 
catches either during consecutive years or during several-year periods. 
Unlike the three species, being observed, sprats and cods were not caught regularly in the 
Eastern part of the Gulf of Finland during 1946-95 (fig. lb,c). The sprats were not 
recorded in catches during the period up to 1949 and the one after 1982, they appeared 
again only in 1995. The sprat fishery was provided during 35 years from 50 years of 
observations. But in some years within this period the removal was so small, that might be 
considered symbolical. Meanwhile since 1965 up to 1981, i.e. during 17 years at a time, 
the sprat annual catches were more than 1000 tons. The period of 1973-1979 could be 
characterised with extremely high catches, the removal exceeded 5000 tons per year. The 
highest annual catch values, 14,265-15,818 tons, fell on 1974, 1976, 1977. In 1976 and 
1977 the sprat removals exceeded the ones of Baltic herring, the most abundant 
fish-species. Since 1982 during 12 years there were no sprats in the Eastern part of the 
Gulf of Finland. 
The cod fishery was still shorter. In the Eastern part of the Gulf of Finland it was caught 
during 23 years (during the period of 1958-85, with breaks) of the 50 years observed. 
During the major part of this period (13 years) the cod's catch was quite symbolical, it did 
not exceed 10 tons per year. Only during 1979-82 its annual catches grew up to 237.0-
3509.2 tons. 
By this means the commercial removals of the marine-group fishes in the Eastern part of 
Gulf of Finland during 1946-95 were composed of two parts: the permanent one and the 
temporary one. The stocks of the permanent component are formed in the Gulf itself, while 
the stocks of the temporary component - beyond the Gulfs boundaries, in the more 
Western areas of the Baltic Sea. Sprats and cods, representing the temporary 
component, come round to the Gulf of Finland to pasture and during the years of highly 
abundant populations only. 
Anadromous and semi-anadromous species of cyclostomes and fishes. 
The Eastern part of the Gulf of Finland is populated with 8 commercial species of 
cyclostomes and fishes, being anadromous and semi-anadromous. The anadromous 
species are the following: river lamprey Lampetra fluviatilis (L.), salmon Salmo salar 
L., sea trout Salmo trutta L., vendace Coregonus albula L., whitefish Coregonus 
lavaratus (L.), Vimba vimba (L.), and catadromous eel Anguilla anguilla (L.); there is a 
semi-anadromous smelt Osmerus eperlanus (L.), too. Each of the 8 species is of different 
commercial importance and their role has been changing during 1946-95 in an unsimilar 
way. The catches of the major species (6 of them) have strongly reduced the recent years, 
and only two of them - river lamprey and smelt - are still being regularly fished. 
The fig. 2a shows, that the present-day catches of salmon and sea trout in the rivers of the 
Eastern part of the Gulf of Finland have sufficiently decreased. Even in the late 1940-ies 
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- early 1950-ies they were as high as 15-20 tons or more (1949 - 35.7 tons). But starting 
from the late 1950-ies the annual removal of both of these fishes usually did not exceed 10 
tons, but for several years during 1970-ies 1980-ies, when the cathes were a bit higher. 
But there is a substantial distinction between the fisheries, provided in the late 1940-ies - 
early 1950-ies, and in 1970-ies-1980-ies. In the first case the fishes from natural 
spawning populations were removed, while during the later period a slight increase, that 
took place in some of the years, was due to the fish juvenile releases, provided by fishing 
farms. 
The low values of the salmon catches, observed in rivers lately were caused by two 
reasons. Firstly, the number of salmon populations, spawning in the rivers of the Gulf of 
Finland, reduced. Secondly, though the salmon fishery in rivers was abandoned, but for 
the needs of fishing farms, the fishery in the Gulfs open waters was still provided 
according to Russian fishermen's national quota. During 1985-95 the salmon catches in 
the Gulf ranged from 15 to 39 tons. 
It is possible to improve the salmon and sea-trout fishery both by extensive breeding of 
juveniles at the fishing farms and enchancement of natural spawning stocks either in the 
main salmon rivers or in small streams. 
Like it took place for salmon and sea trout, the vendace's and whitefish's catches 
reduced and both of them could hardly be regarded as commercial fishes (fig. 2a,b). 
Meanwhile in 1950-ies whitefish was caught regularly, though not much. Its annual 
removal usually did not exceed 10 tons, but in some years was as high as 20-30 tons, and 
in 1952 reached 97.0 tons. As to vendace, in 1950-ies its annual catches often exceeded 
50-100 tons, and in 1959 were as high as 1017.2 tons. But since late 1970-ies vendace was 
no longer of commercial importance. In some years whitefish and vendace were so few, 
that they were not included into statistic reports. 
The recent years the fishes like eel and vimba are not found in catches. While in late 
1960-ies - early 1970-ies vimba's mean annual removal was as high as 15 tons, and as to 
eel, in some pre-War years its annual removal exceeded 20 tons. At present both of these 
species have become scarce and are no more found in commercial catches. 
Stock reducing process, declining or even ceasing of fishery of such species as salmon, 
sea trout, whitefish, vendace, as well as eel and vimba, at present time grew into a stable 
trend. The observed modifications in the role of such valuable fish-species in the total 
catches could be regarded as an evident demonstration of the adverse rearrangings, that 
take place in the fishes' population as a result of an impact of a set of the Man-induced 
factors. 
Unlike the other species among the group being revised, the river lamprey and smelt are 
still of great commercial importance, and moreover the special fishery is provided for 
them. 
The river lamprey could not be considered an abundant commercial species. During 
1946-95 its annual removal was usually about several tens of tons, but there were some 
rare occasions, when it was more then 100 tons (fig. 3a). 
In the river lamprey (as well as in the Baltic herring) strong fluctuations of catch values 
during consecutive years and during short periods of time are frequent enough. Though 
discrete catch upraisals do not make up discrete periods of high crop, but are 
repeated every 5-8-years, sometimes even every two years. In literature there is no 
scientific foundation to these short-term fluctuations of lamprey's catches in the Eastern 
part of the Gulf of Finland. 
Along with the short-term fluctuations in lamprey catches, an evident long-term trend of 
their reducing is observed through the period of 1946-91. It appeared to be most marked 
since 1977. Within the 32-year period from 1946 to 1977, there were 25 years with 
annual catches more than 50 tons; the mean annual removal for this period was 67.5 
tons. Meanwhile during the following 12 years from 1978 to 1991, there were only two 
years with catches more than 50 tons, and the mean annual catch was 39.9 tons, i.e. 1.7 
times lower. To put it in other way, the river lamprey is characterised with the long-term 
changes in catches, too, but they could be attributed to the other reasons, than in the 
case of the Baltic herring. While the Baltic herring's long-term changes are induced by 
natural factors, that caused the catches' upraisal during the last decades, in the river 
lamprey the long-term changes appear to be a result of the Man-induced impact and are 
represented by continiusly reducing catches. 
The second species among the group of anadromous and semi-anadromous forms, that is 
still of commercial importance, is smelt. Unlike other representatives of the group it could 
be considered an abundant fish species. During the period of 1946-91 its annual catches 
ranged from 676 tons (1957) to 4206 tons, (1968), i.e. within 6.2 times. Though the 
range of annual fluctuations is rather great, the smelt's catches appear to be more stable 
than the Baltic herring's and river lamprey's ones, which ranged within 10.7 and 8.5 times, 
correspondingly. 
Like the Baltic herring's catches, the smelt's ones may vary strongly within successive 
years. E.g. in 1957 the catches were 2.7 times as low as in 1956, in 1979 - 2.1 times as 
low as in 1978, etc.; and on the contrary, in 1954 they grew twice compared with 1953, 
in 1965 they were 2.1 times as high as in 1964, in 1968 - 2.3 times as high as in 1967, 
etc. The smelt could be characterized with the bursts in catches, occurring from time to 
time, but they are not very regular and come round at 3-6-year intervals (fig. 3b). 
Like it took place for Baltic herring, in the case of smelt the short-term fluctuations of its 
catches go along with the long-term ones. Within 1946-91 the period of low catches 
and the period of high catches could be distinguished. The first of them lasted through 
1946-64. Within these 19 years there were only two years with the smelt catches more 
than 2000 tons, and the mean annual catch was as high as 1425 tons. During the 
following 27-year period, from 1965 to 1991, the year with the annual catches more than 
2000 tonns occurred 18 times, and the mean annual catch reached 2296 tons, i.e 1.6 
times as high as during previous time-span. The highest and most stable catches fell on 
the period of 1982-91; during that period the annual catch value did not go below 2115 
tons and reached 3675 tons (1987), and mean annual catch was as high as 2771 tons. 
Since 1991 smelt's catches fell down, and in 1995 they were only 815 tons; this is one of 
the lowest catch values (since 1956) ever observed in the Eastern part of the Gulf of 
Finland. 
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Freshwater fish species 
The freshwater group of species is most numerous in number (26 species).But most of 
them are scanty or even seacre. In commercial statistic documents the regular data on 
catches provided in the Eastern part of the Gulf of Finland are available for the following 
fish-species: pike Esox lucius L., bream Abramis brama (L.), pike-perch Stizostedion 
lucioperca (L.), burbot Lota Iota (L.), threespine stickleback Gasterosteus aculeatus L., 
ninespine stickleback Pungitius pungitius (L.) (for two latter species the data on catches 
are summed). Beside the listed species there could be found ide Leuciscus idus (L.), white 
bream Blicca bjorkna (L.), and some other large-sized fishes, but they are too scanty to be 
regularly recorded in the commercial statistics. The removal of all of them, being summed, 
is not significant enough to make a pronounced effect on values of catches for all over the 
Gulf. 
In the Eastern part of the Gulf of Finland, among the freshwater species there are a lot of 
small-sized, hardly growing fishes of little value, usually pulled up into a category of 
"small low-value" fishes. They involve roach Rutilus rutilus (L.), bleak Alburnis alburnis 
(L.), perch Percafluviatilis L., rulle Gymnocephalus cernua (L.), etc. 
The pike catches are usually not very large in the Eastern part of the Gulf of Finland; 
during 1946-90 they were as a rule not more than 15-25 tons per year. Rather rarely they 
exceeded 30 tons, and in 1955 and 1956 were as high as 43.7 and 45.7 tons, 
correspondingly (fig. 4a). Since 1991 the reported pike catches reduced abruptly, but it 
should not be attributed to the stock decrease, but to incomplete data being officially 
reported and recorded. 
Unlike the pike, bream catches were higher (fig.4b) its and fishery was more intensive. 
The bream could be characterized with the short-term catch fluctuations, with catch 
maximums occurring irregularly at 5-9-year intervals. Along with such a stock 
dynamics the long-term catch changes are quite pronounced, they are similar to those 
observed in the Baltic herring and smelt. Within a span of 1946-91 , the period of lower 
catches (1946-63) and the period of higher catches (1964-91) could be observed. 
During the first period, lasting 18 years, the bream's annual catches were at a rather low 
level and ranged from 41.1 to 148.0 tons, with mean value of 94.4 tons. Since 1964 the 
period of higher catches started and lasted during 28 years up to 1991. In 1964-91 the 
annual catches ranged from 132.1 to 537.0 tons with mean value of 339.6 tons, i.e. 3.6 
times as high as in 1946-63. During the periods of either lower or higher catches the 
long-term catch fluctuations were superimposed by the usual short-term catch dynamics. 
In 1992-95 the bream catches fell down 2.0-2.7 times compared with the 1991, and 
mostly for this reason the repoted data on its catches appear to be incomplete in the official 
records. 
The similar pattern of catches dynamics during 1946-91 was observed in pike-perch (fig. 
4c). But in this fish species the time-span with lower catches lasted somehow longer for 
about 21 years, from 1946 to 1966. During these years the pike-perch's annual removal 
ranged from 10.0 to 67.6 tons. During the following 25-year period (1967-91) the 
pike-perch's annual catches in the Gulf varied from 74.4 to 384.0 tons, with mean annual 
value 206 tons; thus it was 5.5 times higher than in the previous period. 
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Similarly to the other fish species, the long-term and short-term catches' fluctuations of 
pike-perch superimposed each other. The catches' peaks followed irregularly at 
2-6-year (sometimes 12-year) intervals. 
Since 1992 a strong fall in pike-perch's catches occurred (in 1995 it was 4.9 times as 
low as in 1991). This might be partly attributed to the incomplete data sent to official 
commercial records. 
The burbot's catches in the Eastern part of the Gulf of Finland are usually not large and 
make up several tons per year (most often 5-10 tons); quite rarely they reach 10-15 tons. In 
the recent years the burbot's fishery has almost ceased, but this is mostly because of 
little attention payed to it. 
Threespine stickleback and ninespine stickleback make up rather peculiar commercial 
pieces. Their stocks are large, but for a long time they were not fished, as far as there was 
no demand for this uneatable fish. Since the industrial bird-farming progressed, they 
started to use both fish-species, as an additional component into birds' diet, and 
consequently the demand for their fishery arose. The stickleback's fishery is provided 
since 1951, but in some years it was ceased (1969-1971, etc.). The highest and most 
steady annual catches fell on 1980-ies, when they ranged from 1956.0 to 3783.0 tons. In 
1993-95 the stickleback's removal decreased, because of the little demand for them (fig. 
5a). There is no sense to discuss the catch dynamics' pattern, as far as the stickleback's 
fishery-rate was not stable enough, and their stocks were not adequately exploited for 
many years. 
In the nearshore area of the Eastern part of the Gulf of Finland the permanent fishery of 
the small low-values fishes (roach, bleak, perch, ruffe, etc.) is provided. In 1946-95 total 
catches of all these fishes ranged widely from 168.0 to 4198.0 tons per year. As it takes 
place, the observed pattern of annual changes in their catches is similar to the one 
described before: abrupt ups and downs, observed in the consecutive years, short-term 
and long-term fluctuations, being superimposed. For instance, the periods of lower 
catches (1946-63) and higher catches (1964-91) could be distinguished (fig. 5b). But 
there is no sense to regard most possible pattern of the catches' dynamics, such a 
problem needs special detailed analysis. 
During the recent years (1992-95) the catches of these small low-valued fishes have 
decreased, though not due to their exhausted stocks (they are not exhausted), but 
because of low demand for them. 
Discussion 
After the analysis of the presented data the following conclusions might be derived. One 
may observe some regular trends in the dynamics of annual-catch values for the 
cyclostomes and fishes in the Eastern part of the Gulf of Finland. These regularities are 
expressed in short-term and long-term fluctuations of fish catches. 
Short-term fluctuations are observed in abundant commercial species. They are 
represented by a set of peaks of the annual-catch values, repeated at several-year intervals 
(most often in 2-9 years). The new bursts of catches do not appear quite regularly. That is 
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characteristic for this kind of stock dynamics in major water-bodies. The duration of 
oscillatory cycle, i.e a number of years between successive peaks of catch values is 
similar among the species of cyclostomes and fishes in the Eastern part of the Gulf of 
Finland and averages between 3 and 9 years in the Baltic herring, 5-8 - in river lamprey, 
3-6 - in smelt, 5-9 - in bream, 2-6 - in pike-perch. 
The review of the ichtyological materials shows, that the mentioned fluctuations in 
catches during the successive or nearby years are caused by the variety in yield -level of 
different fish generations. A high-yield generation provides bursts in catches during one or 
several years, as the life duration of the fishes allows. And vice versa, a low-yield 
generation causes decrease in catches. Dealing with the specific factors, responsible for 
the yield level of different fish generations and via it for the short-term catch fluctuations 
of each of mentioned fish species, is beyond the scope of our report. We shall mention 
only, that according to different investigations (Ostov, 1965, 1978; Popov, 1983, 1989; 
etc) the yield level of a fish generation is closely correlated with the hydrometeorological 
and hydrological conditions (water temperature, discharge value, etc.) of a particular 
year. As it takes place, the enviromental conditions during spawning, egg and alevine 
development, as well as during juveniles' pasturing and overwintering appear to be most 
important. 
In the Eastern part of the Gulf of Finland the Man-induced factors do not affect critically 
upon the frequency of arising the annual-catch peaks'. Their recurrence depends on the 
interrelationship between the insolation rate, water-body, and discharge water mass, being 
formed all over the drainage area. But the pressure of the Man's managing activities of all 
kinds is so high at present, that it cannot but affect upon the annual fish-catches' values, 
lowering them either in years with maximal and normal catches, or in the years with 
minimal ones. 
The whole set of the Man-induced factors might be devided into two groups according 
to their peculiarities, origin, specific impact on the water-body, and the influence upon 
the short-term fish-catches' fluctuations. These groups are: the factors, impacting upon the 
Gulfs ecosystem and its fishes' population, and the factors, affecting the chances of 
providing the intensive fishery. 
The main among the first group of factors appear to be the following: - the changed 
chemical characteristics of the water-mass in context of its pollution by the oil derivatives, 
heavy-metal ions, nutrients, pesticides, organic matter substances, and other chemicals, 
uncommon to the natural water-habitat; 
- the changed physical state of water-mass (its transparency, particulate matter 
concentration, etc.) due to of the inflow of fine dispersed particulate matter, as a result 
of cleaning sea bed, building the alluviums, discharging the soil masses into a waterbody, 
etc. 
- the adversed conditions for fish spawning, egg and alevine development; the 
destructuring of the juveniles' habitat, as a result of building the alluviums and sand or 
gravel removal, cutting down the macrophyte territories, either as a direct sequence of 
the building activities, or as a result of water pollution; 
- the fishes' spawning stock reduction, and consequent reduction of the egg production, as 
a result of over-fishing. 
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The second group of factors concerns the possibilities and profits of providing the 
intensive fishery. It includes: 
- the climatic conditions, affecting the normal fishing process (early freezing of the sea 
or late release of the ice, strong gales, etc.), or hampering the fishes' concentration at 
the traditional places of fishing, etc.; 
- economical factors, including, firstly, the demand (high, low) for the particular fish 
species; and secondly, the financial profit on fishery (profitable, unprofitable), related to 
the abundance of the stock being fished. 
Along with the short-term fluctuations of the annual catches, observed in different fish 
species, the long-term catches' oscillations with 50-60-year cycle duration were revealed. 
According to the presented data one cycle, involving the period of lower catches (since 
pre-War years to the early 1960-ies) and period of higher catches (late 1960-ies - early 
1990-ies) was revealed. As far as the series of years with the reliable statistic data on 
catches is rather limited (1946-91 and several pre-War years) the time terms of this 
long-phase oscillation need refusing. The long-term catch oscillation throughout its cycle, 
either at lower or at higher phases, is being superimposed by the short-term fluctuations, 
discussed above. 
The long-term changes of catches are observed in the most abundant commercial 
fish-species (Baltic herring, smelt, bream, pike-perch), making up a major part of the 
total removal. Due to these changes the total annual catches in the Eastern part of the 
Gulf of Finland during 1946-95 ranged from 4035 to 42597 tons, i.e within 10.- times. 
While referred to an aquatic-surface-area unit, the annual fish catches in the Eastern part 
of the Gulf of Finland were 3.4-15.6 kg/ha during the phase of lower catches, with mean 
value 10.7 kg/ha. During the phase of higher catches it ranged within 15.5-35.5 kg/ha, 
with mean value 26.6 kg/ha. The mean annual value of fish production in the Eastern part 
of the Gulf of Finland during the phase of higher catches appeared to be 2.5 times as high 
as during the lower-catches' phase. According to the fishery classification of water-bodies 
the Eastern part of the Gulf of Finland during the lowcatches'period might be attributed to 
mesotrophic type, and during the high-catches' period - to eutrophic type. The fluctuations 
of the fish production of such kind might be possible only along with the similar-in-scale 
fluctuations of the productivity of the water-body as a whole. The factors, that induce 
such large-scale changes might make up a special investigation. 
Along with the described long-term catches' fluctuations, some changes prolonged in 
time, in the removal of major marine, anadromous and semi-anadromous species are 
observed. That kind of changes are characteristic mostly for no- abundant species (eelpout, 
flounder, salmon, sea trout, whitefish, vendace, vimba, eel, river lamprey, burbot, ide, 
white bream, etc.), but they are as well observed among such abundant fishes as 
thxeespine and ninespine sticklebacks, and among fishes, pulled into so called "small, 
low-valued" group. The mentioned changes could be characterized with one common 
trend - the fall down in catches, leading to the ceasing of fishery, as a whole, and to the 
missing of the species from the official statistic records. Many of the species were 
transferred from the category of commercial fishes to a category of rare or even extincting 
ones. The abrupt fall-down (or even cease) in catches among the mentioned species is 
most obvious at the recent time. 
The mentioned continuous and widely spread tendency of the reduction of the major fish 
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species catches has got a different nature from the one of the long-term catches' 
fluctuations. While the latter is due to the large-scale changes in the Gulfs productivity, 
the first one could be fully attributed to the Man-induced factors. Many of the factors are 
the same, that were mentioned when describing the short-term catch fluctuations. In 
addition, there are some new ones: e.g. 
- the losses of spawning grounds and juvenile habitats, resulting from the 
hydroconstructing works and water pollution by the industrial and domestic waters; 
- the changes in the rivers' hydrochemical state, resulting from the intensive agricultural 
activities and agricultural amelioration works; 
- the failure of urgent works on the small-rivers' amelioration (cleaning the inflowing 
areas, restoring the spawning grounds, etc.); 
-the intensive fishery (legal and illegal) in rivers during the period of spawning runs; etc. 
Among the factors, described before, there is one, that is usually of significant importance 
for the fishes, being reviewed; that is: the reduction or cease of the fishery, caused by 
the low fishes' stocks, the consequent transmission of the fishery activity upon the 
abundant fish-species, or upon the most demanded ones. The situation with three and 
ninespine sticklebacks, and with the "small low-valued" fishes might evidence well 
enough the role, played by commercial demand; the catches of these fishes are often 
lower, than the ones their stocks allow, as far as it is hard or impossible to make a use of 
the removed fishes. Such species as eelpout, flounder, burbot, eel, ide, white bream, etc. 
are usually ceased to be fished due to their limited stocks. But this factor, being 
responsible for the fish-catches' reduction, is usually closely related to the decrease in 
fishes' abundance, impacted by the Man-induced factors. Both groups of factors, being 
closely related to each other, interfere in the analysis of the true reasons, that cause the 
cease in the fishery of particular fish-species. 
In conclusion it may be noted, that the impact rate of different Man-induced factors upon 
the fishes' population is not similar throughout the Eastern part of the Gulf of Finland. In 
the estuarine (Neva Bay) and in the nearshore areas, as well as in the rivers flowing to 
the Gulf,. the pressure of the Man-induced factors is the greatest. It appears to be the least 
effective in the open areas to the West of the Kotlin Island. The state of separate fish 
stocks appear to be closely dependant upon the specific distribution of the Man-induced 
impact within the Gulfs ecosystem. The state of stocks appears to be more satisfactory 
among the fishes (Baltic herring, smelt), pasturing in the open Gulfs areas and coming 
into contact with the strongly impacted nearshore areas and rivers during the short 
spawning time only. The major fishes, that populate the nearshore areas, and stay in 
contact with the rivers for a long time, are low-abundant, and their stocks have been 
decreasing during the recent. period. 
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Fig. 1. The catches of the Baltic herring (a), sprat (b), cod (c). 
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Fig. 3. The catches of the river lamprey (a), smelt (b). 
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Fig. 4. The catches of the pike (a), bream (b), pike perch (c). 
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Fig. 5. The catches of the threespine and ninespine sticklebacks (a), small low-valued jIsh (b). 
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Introduction 
Fish populations in the Gulf of Finland consist of both marine and freshwater species. The 
number of permanent marine species in the eastern Gulf of Finland is 16 and that of 
freshwater species 24 (Koli 1981). In general freshwater fish species form more or less 
sedentary stocks and the catches represent several populations. Most important marine 
species can be grouped into one stock. Thus the effects of different environmental 
parameters influence different species differently. Marine fish species are primarily affected 
by large-scale changes, such as general eutrophication of the Gulf and variability in salinity 
and oxygen contents in the Gulf of Finland and the Baltic proper. Most freshwater species 
inhabit mainly nearshore waters and are in almost all cases dependent on these 
environments because of the special environmental requirements of eggs, larvae and young 
fish (Ojaveer et al. 1981). Fishes of the Gulf of Finland propagate in both brackish and 
fresh waters. Brackish water environments also cause some adaptation difficulties for most 
fish species. Populations living in these environments are more susceptible to varying 
environments than populations living in optimal conditions. 
The detection and understanding of patterns of variability in population abundance is a 
central problem in fishery biology. The sources of variability among populations within a 
species have been demonstrated by many authors (e.g. Hollowed et al. 1987, Böhling et 
al. 1991). Our knowledge about the factors influencing the year-class strength and 
population size in the Gulf of Finland is still limited. The general assumption is that 
recruitment in the northern latitudes is highly dependent on climate and other 
environmental factors (Busch et al. 1975, Sv irdson and Molin 1973, Shepherd et al. 1984). 
In the Gulf of Finland, important environmental factors include temperature, salinity, 
oxygen concentration, wind speed and direction, water level during hatching and early life 
history phases, eutrophication, toxic pollutants, acidification and damming of rivers. There 
are examples from when radical population declines have been caused by dramatic changes 
of one of the factors mentioned above (Lehtonen and Hilden 1980). The abundance of a 
single year-class of a fish population thus reflects the temporal and spatial quality of the 
environment. 
The fish species selected in this study have different environmental preferences with regard 
to temperature, salinity and reproduction areas. herring, sprat, cod and flounder are marine 
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species and sprat and cod have their reproduction areas in the Baltic Proper. Pikeperch, 
perch and smelt spawn in sheltered bays and estruaries and rivers. Therefore the changes 
in nearshore littoral areas influence various fish species differently (Hansson 198 ). 
In this paper we assess the state of the most important fish species in the Gulf of Finland 
The objectives are to investigate 1) the variability of catches of the most important fish 
species, 2) the variabilty of catch per unit of effort (CPUE) and stock sizes and 3) the 
dependence of observed changes on the environmental changes. 
Investigations carried out earlier 
The destiny of fish resources of the Gulf of Finland always has had implications into the 
life of coastal inhabitants. Therefore, a remarkable effort of has been put into the 
investigations of different aspects of the state of main fish stocks in the countries around 
the Gulf. The results of those studies have been presented in numerous papers during recent 
decades. 
The history of investigations of fish stocks in the Gulf of Finland goes back to the 19th 
century when the report on conditions of main fish stocks in the Northeastern Baltic Sea 
was published Baer (1854). The bulk of investigations as well as the reports has been 
focused to the limited circle of commercially most important fish species, particularly that 
of Baltic herring. The papers discuss various aspects of stock structure of herring (catch 
dynamics, age composition, mean weight, year class abundance and their trends in the 
western, central and southern Gulf of Finland in recent decades (e.g. Sjöblom 1961, Rannak 
1970, 1971, Ojaveer and Rannak 1980, Parmanne and Sjöblom, 1985, Ojaveer 1988, 1991, 
Parmanne 1990, Parmanne et al. 1994, Raid 1994). A number of works fo similar scope on 
the herring (Clupea harengus L.)in the eastern part of the Gulf are published by Morozova 
(1967, 1971), Morozova et al. (1971), Smirnov (1971, 1977a), Telegin (1971) and Popov 
(1983). The feeding and feeding conditions of herring are discussed in the papers by 
Bityukov (1961), Lumberg and Ojaveer (1991) and Raid and Lankov (1995). Kääriä et al. 
(1988) have investigated the possible effects of eutrophication on herring spawning grounds 
in the western Gulf of Finland. 
The ICES fisheries assessment working group evaluated the stock parameters for the 
herring in the Gulf of Finland separately up to yhe year 1989 (Anon. 1990). The stock state 
and trends of sprat (Sprattus sprattus (L.)) are discussed by e.g. Aps (1985) and Veldre 
(1976). 
The works by Popov (1977) are focused on biology and stock dynamics of smelt (Osmerus 
eperlanus (L.)) in the eastern part of the Gulf of Finland, whereas the smelt stock in the rest 
of the Gulf seems to be rather poorly investigated. 
The investigations of freshwater fishes have been carried out mostly in the northern and 
eastern part of the Gulf of Finland where they have bigger importance in fishery. The 
following papers can be pointed out as a source of information on most important 
freshwater species in the Gulf: 
Pikeperch (Stizostedion lucioperca (L.)): Segerstråle (1936, 1949, 1951, 1983), Ilyenkova 
(1977, 1977a), Lehtonen (1979, 1983, 1987), Lehtonen and Toivonen (1987), Lehtonen and 
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Lappalainen (1993), Lehtonen et al. (1996), Lappalainen et al. (1996) Lappalainen & 
Lehtonen (1995). 
Perch (Percafluviatilis L.): Smirnov (1977c), Lehtonen (1985) 
Whitefish (Coregonus lavaretus (L.)): Smirnov , Segerstråle (1983), Lehtonen (1981, 
1985) 
Vendace (Coregonus albula (L.)) Smirnov (1977b), Lehtonen (1981) 
Pike (Esox lucius L.): Lehtonen (1985, 1988) 
Roach (Rutilus rutilus (L.)): Turanova (1977) 
Bream (Abramis brama (L.)): Hildén and Lehtonen (1982), Lehtonen (1985) 
The description of fish catches and spatial distribution of some less important species like 
rulle (Gymnocephalus cernuus (L.)), fourhorn sculpin (Myoxocephalus quadricornis (L.)), 
eelpout (Zoarces viviparus L.) and three-spined stickleback (Gasterosteus aculeatus L.) 
in 1960s-1970s is given by Smirnov (1977, 1977e, 1977d). 
Besides to those investigations, presented above and dealing with specific questions of 
different fish species, a number of synthesizing papers, trying to evaluate the possible links 
between dynamics of different fish stocks and environmental factors as well as interspecific 
interactions can be distinguished (e.g. Aro et al. 1990, Ojaveer and Veldre 1976, Ojaveer 
et al. 1985, Ojaveer 1991, Parmanne et al. 1994). Ojaveer and Veldre (1976) point out the 
importance of stagnation periods in the Baltic Sea as a factor affecting on the year-class 
abundance and catches of herring, smelt, cod and flounder. 
Ojaveer et al. (1985) conclude that the basic environmental conditions in the Baltic sea and 
the Gulf of Finland are reflected in the structure and parameters of fish stocks. The 
temperature of the homohaline layer in the eastern part of the Gulf of Finland in summer 
is pointed out as a factor which has a cosiderable influence on year-class abundance of 
herring. The authors also stress on the importance of eutrophication as a factor of increase 
of mean weight at age of herring observed in the early 1980s. 
Material and methods 
The material for this study was obtained from the time-series collected by Estonian Marine 
Institute (herring, sprat, flounder, perch, smelt), Finnish Game and Fisheries Research 
Institute (herring, sprat, flounder, pikeperch, perch) and GosNIORH (herring, smelt, perch). 
The material on environmental parameters was obtained from publications by Finnish 
Environment Institute (Ympäristökatsaus), Finnish Institute of Marine Research (Perttilä 
et al. 1995) and from unpublished temperature measurements of GosNIORH 
(St.Petersburg). 
Catch per unit effort (CPUE) data from commercial fishing of whitefish, pikeperch, pike, 
and floubder were derived from the annual log-books compiled by the Finnish Game and 
Fisheries Research Institute. CPUE was expressed on a yearly basis as the mass of fish per 
BaItNIIRH 
ICES wg 
t!7LS 	•1b 	IlD 	1311. 
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100 gears in one fishing day. The following gears were chosen for the analysis: 
Gillnet 36-60 mm (bar) 	pikeperch 
Pelagic trawl 	 sprat 
Winter hook pike 
Year-class strength indices were estimated (Svärdson 1961, adjusted by Neuman 1974) 
stepwise beginning with the calculation of percentage age distributions in the yearly 
samplings, thereby establishing the mean percentage age distribution for the entire period. 
In the last step the relative strengths of various year-classes in different years were 
expressed as percentages of this mean value. The method is presented in detail by Böhling 
et al. (1991). 
Results 
Herring 
The year-class variation of herring in the Gulf of Finland did not show noticeable patterns. 
According to estimations made by International Council for the Exploration of the Sea 
(ICES) herring had strong year-classes (during 1974-1994) in 1970, 1975, 1980, 1983, 1986 
and 1988, the weak ones appeared in 1974, 1976, 1978, 1985 and 1987 (Fig. 1). The 
population size was highest at the end of the study period. The growth rate increased during 
the 1970's and has decreased thereafter (Fig. 2) 
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Fig. 1. Year-class abundance of herring in the Gulf of Finland according to 
BaltNIIRH and ICES wg (millions of specimens) 
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Fig. 2. Mean weight of a 5 year old specimen in the Gulf of 
Finland (g). E=Estonia, R=Russia 
Annual herring catch varied during 1974-1993 between 30,000-50,000 metric tonnes and 
decerased during the second half of 1980s (Fig. 3) 
tonnes 
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Fig. 3. Herring catch in the Gulf of Finland in 1974-1993 (metric 
tonnes. 
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Sprat 
Sprat year-class strengths show a clear oscillation. During the study period (1964-1994) the 
strong and weak year-classes appeared according to Estonian material more or less regularly 
every second year (Fig. 4). The growth rate has slighly decreased during the 1990's. 
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Fig. 4. The year-class strength indice of sprat in the Gulf of Finland 
in 1964-1994. 
Spawning areas of cod are situaten in cetral and southern parts of the Baltic Sea. The 
population of the Gulf of Finland thus reflects the spawning success there and the water 
quality of the Gulf of Finland does not affect the abundance of cod. Strong year-classes 
appeared last time in early 1980s (Fig. ) and no cod invasions have occurred to the Gulf of 
Finland since then. The density of cod has been low during the 1990's (Fig. 5) which also 
can be seen from annual catch statistics (Figs.6 and 7). 
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Fig. 5. Number of 2-year old cod in ICES subdivisions 25-32 in 1974-
1995 (thousands). 
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Fig. 6. Cod catch per unit of effort in gillnet fishing (mesh size >60 
mm) in the Finnish coast of the Gulf of Finland. Subdivisions east 
and west from Helsinki 
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Fig. 7. Professional annual cod catch in Finnish coast of the Gulf of Finland in 1980-1995. 
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East 
West 
Pikeperch 
Pikeperch year-classes in the Helsinki sea area varied a lot. Strong year-classes appeared 
(during 1971-1991) in 1972, 1980, 1986 and 1988. weak year-classes appeared in 1971, 
1974, 1977, 1981 and 1987 (Fig. 8). 
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Fig. 8. Pikeperch year-class strength indices in the sea area of 
Helsinki in 1971-1991. 
Pikeperch catches in professional fishing have increased during the 1990's, especially in the 
western parts of the Gulf of Finland (Fig 9). 
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Fig. 9. Professional pikeperch catch in Finnish coast of the Gulf of Finland in 1980-1995. 
Perch 
The perch year-classes were during the period 1974-1989 strong in 1976, 1980 and 1988 
and weak in 1974, 1981, 1987 (Fig. 10). 
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Fig. 10. Year-class strength indice of perch in the Helsinki sea area 
in 1974-1989. 
In winter hook fishing of pike CPUE in the Gulf of Finland increased during the study 
period, being highest at the end of it (Fig. 11). Pike catch in professional fishing decreased 
especially in the western Gulf of Finland (Fig. 12) 
Fig. 11. Pike catch per unit of effort (kg/hook and day) in Finnish 
winter hook fishing in the north coast of the Gulf of Finland. 
Subdivisions east and west from Helsinki. 
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Fig. 12. Professional pike catch in Finnish coast of the Gulf of Finland in 1980-1995. 
Smelt were sampled in Estonia and Russia. The strongest year-class during 1963-1995 
appeared in Russian waters of the Gulf of Finland in 1963, 1964, 1970, 1979, 1982 and 
1983 (Fig. 13). Growtr rate shower irregular variations and during the 1990's the mean size 
of 5-year old specimens has decreased (Fig. 2). 
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Fig. 13. Year-class strength indice of smelt in the eastern Gulf of 
Finland in 1963-1995 according to Russian data. 
Flounder 
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Year-class strengths were not similar in the northern and southern coast of the Gulf of 
Finland (Figs. 14 and 15). Both materials, however, revealed a wave like variability of year-
class strengths with successive strong and weak year-classes. Catch per unit of effort 
increased in Finnish fishing during the 1990s (Fig. 16). 
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Fig. 14. Year-class strength indice of flounder in the Gulf of 
Finland according to Estonian data. 
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Fig. 15. Year-class strength indice of flounder in the Gulf of 
Finland according to Finnish sata. 
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Fig. 16. Catch per unit of effort (kg/netand day) in Finnish 
professional flounder fishing in the north coast of the Gulf of 
Finland. 
Covariation between species 
The year-class formation of freshwater and marine fish species differed. Among freshwater 
species (perch and pikeperch) many resemblances in their year-class formations were 
evident. Years 1972, 1976, 1980, 1986 and 1988 produced strong and years 1974, 1977, 
1981 and 1987 weak year-classes. Extreme years were 1972 (rich) and 1981 (weak). The 
summers of 1972, 1980 and 1988 were exceptionally warm with steadily increasing 
temperatures while that of 1981 was cold with a very cold period in June. 
The year-class strengths of species studied were mostly positively correlated in different 
study sites. Negative correlations existed in some cases. The most evident of these were 
between species having different ecological requirements. All negative correlations were, 
however, statistically insignificant. The strongest positive correlations were found between 
perch and pikeperch in Helsinki. Statistical significance of the correlations is listed in Table 
1.  
Table 1. The correlation coefficients and statistically significant of correlations (bolded) 
between and within species and study sites. Significance level p<0.01 
Perch Smelt Percl Perc2 Floun Smelt Herr Herr Sprat 	Cod 	Floun 
Smelt EST 0.03 I 
Perchl EST 0.28 0.48 1 
Perch2 EST 0.08 -0.60 0.30 1 
Flounder EST 0.16 -0.03 -0.61 0.06 1 
Smelt RUS 0.08 0.42 0.15 -0.03 -0.49 1 
Herring RUS -0.10 -0.14 -0.19 0.03 -0.22 0.03 1 
Herring ICES -0.05 -0.30 -0.20 -0.34 0.01 0.34 0.35 1 
Sprat ICES 0.00 -0.19 -0.58 -0.17 -0.14 0.11 0.43 0.42 1 
Cod ICES -0.10 -0.21 0.15 0.09 0.07 0.29 -0.21 0.51 -0.13 	1 
Flounder FIN 0.10 -0.09 0.25 0.47 0.59 -0.37 -0.09 -0.21 -0.07 	0.01 	1 
Pikeperch FIN 0.79 -0.17 0.19 0.44 -0.05 -0.07 -0.09 0.00 -0.09 	-0.24 	0.01 
Correlations between environmental parameters and year-class stregth are shown in Table 
2.  
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Table 2. The correlation coefficients and statistically significant of correlations (bolded) 
between environmental parameters and year-class strength of studied fish stocks. 
Significance level p<0.01. C= coastal area, P= pelagic area, Prim = Primary production. 
Perch Smelt Perch Perch Floun Smelt Herr Herr Sprat Cod FlounF PikepF 
Salinity (C) 0.49 0.16 0.00 -0.81 0.39 -0.40 -0.10 0.02 0.01 0.07 0.29 0.1 
Oxygen (C) 0.08 -0.15 -0.58 0.12 -0.41 0.22 -0.06 -0.06 0.02 -0.39 -0.38 0.1 
Silicate (C) -0.38 0.21 0.53 -0.03 -0.32 -0.45 -0.37 -0.48 -0.71 -0.32 -0.18 -0.4 
Total P (C) 0.38 -0.02 -0.70 -0.74 -0.05 0.45 -0.07 0.44 0.28 0.34 -0.51 -0.0 
Phosphate (C) 0.75 -0.40 -0.78 -0.40 0.59 -0.21 -0.22 0.32 0.35 0.16 0.20 0.5 
Total N (C) 0.14 0.19 -0.33 -0.64 -0.50 0.61 0.20 0.16 0.06 -0.01 -0.57 -0.1 
Nitrate (C) -0.15 0.07 0.24 0.73 -0.27 -0.06 0.15 -0.87 -0.32 -0.73 0.56 0.1 
Salinity (P) -0.51 -0.07 -0.21 -0.06 0.13 -0.03 0.13 0.42 -0.28 0.34 0.09 -0.2 
Oxygen (P) -0.24 -0.01 -0.06 0.34 -0.43 -0.04 -0.37 -0.41 -0.15 -0.07 -0.22 -0.2 
Silicate (P) -0.01 0.16 0.09 0.26 -0.08 0.39 0.16 0.25 -0.07 0.49 0.15 0.1 
Total P (P) -0.28 0.30 -0.06 -0.06 -0.68 0.50 -0.01 0.28 -0.07 0.31 -0.39 -0.2 
Phosphate (P) 0.28 0.49 0.14 -0.32 -0.29 0.30 -0.05 0.26 0.04 0.44 -0.08 0.2 
Total N (P) -0.01 0.16 0.21 -0.02 -0.26 -0.36 -0.26 -0.85 -0.45 -0.59 0.65 0.1 
Nitrate (P) 0.22 -0.03 0.21 -0.09 0.24 -0.25 -0.27 -0.47 0.26 -0.15 0.33 -0.0 
Temp. May 0.14 0.24 0.05 -0.58 -0.18 0.08 0.08 0.28 0.47 -0.29 -0.20 0.0 
Temp. June 0.29 -0.22 0.05 -0.30 -0.46 -0.09 0.08 -0.02 0.02 -0.27 -0.20 0.5 
Temp. July 0.52 -0.25 0.30 0.08 -0.40 0.02 0.11 0.18 0.38 -0.14 -0.30 0.5 
Prim Tvärminne 0.04 -0.08 -0.58 -0.38 0.32 0.17 0.46 0.52 0.61 -0.30 0.09 -0.0 
Prim Katajaluoto 0.33 0.42 -0.60 -0.20 0.20 -0.12 0.42 -0.20 -0.20 0.00 0.1 
Prim Loviisa -0.03 0.62 0.44 -0.65 0.25 0.12 0.30 0.12 -0.46 -0.54 0.1 
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6.3. EVALUATION OF PLAKTONIC AND BENTHIC 
COMMUNITIES AS A FOOD FOR FISH AND THEIR YOUNG IN 
LUGA BAY 
Lavrentyeva G.M., Mitskevich O.I., Ogorodnikova V.A., Susloparova O.N., Tereshenkova T.V. 
State Research Institute on Lake and River Fisheries (GosNIORKH), Makarova 26, St. Petersburg 
199053, Russia 
Abstract 
Hydrobiological investigations of Luga Bay were carried out in June-September 1994 
to obtain background data for ecological monitoring when building seaports. In the 
summer-autumn season phytoplankton have been represented by the complex of 
blue-greens, zooplankton by Rotatoria-Cladocera, zoobenthos was dominated by 
Chironomidae in the coastal area and Molluscs - in the deep-water area. The averaged 
values of numbers and biomass of the phytoplankton were 32.106 cell l- ' and 0.5 g m 3, 
zooplankton - 16.4.10-3 ind. m 3 and 0.75 g m 3, zoobenthos - 590 ind. m 2 and 77.70 g 
m 2. Three-spined stickleback, nine-spined stickleback and perch were the main 
consumers of the food stock in the littoral; the conditions of feeding of other fish are 
unfavourable. 
Species composition and quantitative indices of the growth of all links of the food chain 
depends on salinity fluctuations, spatial distribution - on the wind currents. 
The ecosystem of Luga Bay as a whole can be considered as the standard for bays of the 
Gulf of Finland with similar conditions. 
Introduction 
Luga Bay is the very western bay of the eastern part of the Gulf of Finland for Russia 
(Fig. 1). According to its ichthyocoenoses characteristics, it is evaluated as the fishery 
waterbody of the highest category. It is expected that some seaport complexes will be 
built on the aquatoria of Luga Bay. 
First investigations of Luga Bay have been carried out in 1934-35 by K.M.Deriugin 
and V.S.Mikhin (Smirnov, 1935; Titova, 1937). Hereafter this bay was repeatedly 
investigated by several institutions, including the State Research Institute on Lake and 
River Fisheries (GosNIORKh), the State Hydrological Institute, the Institute of 
Limnology of the Russian Academy of Sciences and the State University in 
St.Petersburg. 
Investigations in this bay were carried out in connection with the performance of 
fishery and ecological monitoring of the eastern part of the Gulf of Finland and soon 
after 1990 - with planning the seaport building. 
The central part of Luga Bay is one of the most extensively studied areas for 
planctonic phytoplankton (Yezhegodnik, 1 989, 1 990), zooplankton (Bitiukov, Greze, 
Petrovskaya, 1971; Pidgaiko, 1971; Sergeev, Riabova, Belogolovaya, 1977; Sergeev, 
296 
Riabova, 1981; Pogrebov, Riabova,1984 a, b; Kryshev, Riabova, 1986; Antsulevich et 
al., 1993, 1995; Antsulevich, Riabova, Stogov, 1995) and benthic (Antsulevich, 
Lebardin, 1990; Antsulevich, Chevilev, 1992; Kudersky, 1982; Titova, 1937; Shurin, 
1968; Yarvekiulg, 1968; Yarvekiulg, 1979) communities. Investigations of fish feeding 
in littoral of Luga Bay have not been carried out earlier. 
As one can see, the data on the state of Luga Bay ecosystem are very fragmentary and 
as a rule, related with its deep part. The shallow zone, especially the coastal part of the 
bay, has not been studied yet at all and the special investigations of fish food and its role 
in forming the fish stocks in the bay have not been carried out until early nineties. 
The purpose of this study is to evaluate the background state of Luga Bay ecosystem as 
the base for proposed ecological monitoring. 
Material and methods 
Study area 
Luga Bay (595° 45' N, 285° 20' E) is situated in the eastern part of the Gulf of Finland 
(Fig. l ). Its surface area is 192.9 km2. 
This is relatively shallow part of the Gulf of Finland: predominant water depth is less 
than 20 m, but there are some cavities with water depth of 30 m. The coastline of the 
bay is poorly indented. The narrow littoral zone (the water depth is less than 2 m) is 
characterized with predominance of stony sediments and exposed to wave action. 
The littoral zone occupies no more than 3% of the total bay area. The macrophytes 
are placed in the southern part of the bay adjacent to the mouth of Luga River and extend 
to the depth of 1 m. 
Short characteristics of inhabitation conditions for planktonic and benthic organisms 
during the investigation period are presented in Table 1. 
Salinity in Luga Bay ranged from 0.1 to 5.8 %o in accordance with hydrodynamic 
conditions and river fresh water supply conditions (Ostov,1971). The transparency of 
water as determined by Seccki disk ranged from 1.7 m to 4.0 m. 
Ions sum ranged from 3.37 to 5.17 g 1-', Cl- - from 1,69 to 2,66 g 1"'. The concentrations 
of mineral phosphorus ranged from 0.018 to 0.082 mg 1'. The values for mineral 
nitrogen were 0.16 to 1.21 mg 1-'. 
Methods 
For hydrobiological analyses sampling cruises have been made once a month from June 
to September 1994. All the observations have been made: in June - at 7 permanent 
stations in the southern part of the bay, in July-September - at 12 permanent stations 
situated in the southern part of the bay, the western and eastern coasts on the central 
deepwater area and in the outer part of the bay, transition to the main aquatoria of the 
Gulf of Finland. Samples for hydrobiological analyses have been taken and processed 
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acording to the standard procedures (Vinberg, Lavrentyeva, 1981, 1984 a, b, c). 
Phytoplankton 
Quantitative integrative phytoplankton samples were taken with a Ruttner sampler 
separately from the trophogenic layer (from the surface to the depth equal to the doubled 
transparency, 2S) and the tropholytic layer (from the 2S-depth to the bottom). For this 
purpose phytoplankton samples were collected at each meter in the trophogenic layer and 
each 2-3 m in the tropholytic one. Then the water from different depths of each layer 
has been followed together in equal quantities, mixed and from received volume the 
sample of 0.51 was taken and fixed with 2% solution of formaldechyde. 
Quantitative account of phytoplankton was carried out by sedimentary procedure. 
The phytoplankton samples have been analyzed for species composition, numbers and 
biomass (from cell volume, assuming 1 mm3=lmg fresh weight). Individual cell 
volumes have been calculated for all algal species. 
Zooplankton 
Zooplankton samples were taken with a Juday net (diam. 18 cm, 0.16 mm mesh) as 2-3 
replicates: a total of 120 zooplankton samples have been collected and analyzed for 
species composition, numbers, dimensional-age structure of zooplankton populations 
and biomass (from individual weights). 
Zoobenthos 
Zoobenthos samples were taken with a 0.25 m2 Petersen bottom sampler, three 
samples at each station, that were sieved through a 0.43 mm mesh. A total of 148 
quantitative and 15 qualitative zoobenthos samples have been collected. Qualitative 
samples were taken from the experimental trawling catches of fish and when 
bottomsampler use was impossible (stony sediments, very hard sand). 
Benthic organisms were chozen from samples, counted and weighted in a living form, as 
a rule. Living organisms have been weighted along their belonging to taxonomic groups 
and determined to species (sometimes to genera) after counting, weighing and fixation 
them with 4% formaldehyde or 70% alcohol (crustaceans). Microzoobenthos (ostracoda, 
nemathodes, harpacticidae) have not been determined to species and have not been 
taken into account for quantitative characteristics of zoobenthos, considering that 
procedure of sampling collecting has not been in agreement with the generally 
recognized procedure of microzoobenthos quantitative samples collecting. 
Fish feeding 
The fish have been collected in July-August - the period of active feeding of the most 
fish species. The fish were collected with sweep-net for juvenile fish (length 25m, 
altitude 2m, 6 mm mesh) in littoral. The fish were preserved in 4% formaldehyde. 
The material was treated with account-weight procedure (Table 2). The food items in the 
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intestines were identified and measured. 
The total index of food consumption was calculated by the equation: I = Mf Mb ', 
o/000, where: I - the total index of food consumption, Mf - the total weight of the food 
items, Mb - the weight of the fish body (Fortunatov, 1964). 
The values of food consumption were calculated by the equation: C = P+Pe+R+F (for 
the juvenile fish C = P+R+F), where: P - somatic growth, PQ - reproductive system 
growth, R - total functional metabolism, F - nonassimilated food (the amount of faeces 
excreted by the fish) equal 0.8 (Vinberg, 1956). A correction factor for active 
metabolism of juvenile fish was equal to 1.5, for adult fish - 2 (Alimov, 1979). The 
energy equivalents to wet weight of fish were taken from cites data (Sherstiuk, 1973; 
Khalko, 1983). 
Efficiency of food consumption was evaluated using the coefficients: Kl = P C-'; K2 
= P (P+R)-' (Ivlev, 1939). 
The intestines of 248 fish (6 species) were examined. 
Results 
Phytoplankton 
Species composition 
From June to September phytoplankton of Luga Bay consisted of 107 species and 
varietes of algae (Table 3) related to 8 taxons: Cyanophyta, Chrysophyta, Xanthophyta, 
Bacillariophyta, Cryptophyta, Dinophyta, Euglenophyta, Chlorophyta. The most 
number of species has been fixed in September (34 species in the apex of the bay), the 
least number - in July (8 species in the centre of the bay). 
Abundance and biomass 
From June to September the phytoplankton abundance ranged from 2 106 to 75 106 cell 
1-' and the mean for the bay values - from 4.7 106 to 44.4 106 cell 1-' (Table 4). 
Bimodal seasonal abundance with abundance minimum in August and equal peaks in 
June and September was characteristic for the phytoplankton. 
During the investigation period small-sized colonial blue-greens were the most 
abundant. As a rule, their proportion in the total abundance was 93-99% and only in 
the southern part of the bay in August it decreased to 27-57%. The predominant 
blue-greens were: in June - July Oscillatoria amphibia, O. planctonica, Phormidium 
sp., AphanizomenonElos-aquae, Gomphosphaeria lacustris and Nodularia spumigena, 
in August Gomphosphaeria lacustris, in Septemberl Oscillatoria planctonica, 
Gomphosphaeria lacustl ris, Phormidium sp. 
The phytoplankton biomass ranged from less than 0.01 to 1.40 g•m'3, averaged for the 
bay - from 0.20 to 0.96 gm 3. Two seasonal peaks (in June and September) with 
maximum in September and minimum in August were characteristic for the 
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phytoplankton biomass. 
During the absolute calm (July) high algal biomass (0.37-0.52 g• m-3) was noticed in 
shallow areas with depths to 5 m, low biomass (0.07-0.10 gm 3) - in deep central areas 
with depths 22-24 m (Fig. 2). 
From June to September the phytoplankton biomass was largely composed of 
blue-greens. Their proportion in the total biomass ranged from 36 to 96%. In August 
in the southern part of the bay the phytoplankton biomass was dominated by diatoms, 
dinophytes and greens (Diatoma elongatum, Cyclotella kuetzingiana, Navicula 
rhynchocephala, Nitzschia sp., Surirella tenera, Gymnodinium sp., Glenodinium 
gymnodinium, Cladophora sp.). 
"Feeding" phytoplankton biomass with cell sizes less than 100 mkm (a food for 
crustacean-filtrators) varied from 0.02 to 0.38 g•m"3 that made up 9.5 to 92% of the total 
biomass. "Feeding" phytoplankton biomass with cell sizes less than 30 mkm (a food 
for thin filtrators) varied from 0.02 to 0.11 g•m"3 that made up from 0.9 to 46.5%. 
Zooplankton 
Species composition 
In the investigated period zooplankton of Luga Bay consisted of 90 species including 
rotifera, cladocera, copepoda and others (Table 5). The last group maintained some 
facultative forms - young Ostracoda, larvae of Balanus, Macoma, Dreissena and young 
Polychaeta and Neomysis integer. 
Zooplankton community was presented by species of three complexes: freshwater, saline 
(prelevant group of organisms) and marine. Most of them independently of their 
nature were euryhaline forms. 
Abundance and biomass 
From June to September the mean for the bay zooplankton abundance ranged from 
124 103 to 230 103 ind•m"3 averaged 164 103 ind•m 3. Minimum was noticed in 
September, maximum - in July. 
Rotifers proportion in the total abundance varied from 40 to 73%. They were presented 
by Keratella quadrata platei, K.cochlearis, K.cochlearis baltica, K.cochlearis 
macracantha, Synchaeta monopus, S.baltica, S.oblonga. Copepods proportion varied 
from 16 to 57%. The predominant copepods were Eurytemora hirundoidesO, 
representatives of the general Acartia, Microsetella norvegica and in freshwater 
coastal areas - Mesocyclops leuckarti. Cladocera proportion ranged from 1 to 25%. 
They were dominated by Podon leuckarti, Evadne nordmanni, Bosmina obtusirostris 
maritima, B. obtusirostris, and in freshwater areas - representatives of the genera 
Bosmina, Ceriodaphnia quadrangula and Chydorus sphaericus. 
Mean zooplankton biomass varied from 0.35 to 1.40 g• m"3 with m imum in August and 
maximum in July averaged 0.75 g• m 3 (Table 6.) 
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Bosmina, Ceriodaphnia quadrangula and Chydorus sphaericus. 
Mean zooplankton biomass varied from 0.35 to 1.40 g• m-3 with m imum in August and 
maximum in July averaged 0.75 g• m 3 (Table 6.) 
The most important zooplankton group was crustacean. Copepods constituted 32 to 76% 
of the total zooplankton biomass. They were dminated by calanoid Eurytemora and 
Acartia in saline central and northern areas of the bay, and M leuckarti in the freshwater 
southern area. Cladocera made up from 13 to 54% of the total zooplankton biomass. 
Representatives of the general Bosmina were the predominant forms on all areas of the 
bay, as a rule. In addition, Evadne and Podon attained high biomass in the saline 
areas and freshwater Ceriodaphnia and Chydorus - in the freshwater coastal and in the 
southern part of the bay. 
During the investigation period in different parts of the bay, the zooplankton biomass 
varied considerably. For instance, in July (summer maximum) the highest value of the 
zooplankton biomass (3.6 g m-3) was noticed in the deep southern part of the bay 
(Fig.3). It was determined by extraordinary high abundance of Bosmina (freshwater 
B. obtusirostris and saline B. obtusirostris maritima) and large calanoid of the genera 
Eurytemora. In the coastal shallow areas the zooplankton biomass was 5-10 times 
lower (Fig.3). In August although the zooplankton abundance was rather high (200 103  
- 388 103 ind m 3), the zooplankton biomass has not exceeded 1.0 g m -3 The 
zooplankton biomass minimum 0.06 g m 3 was noticed in the southern part of the bay. 
Zoobenthos 
Species composition 
In the investigated period zoobenthos of Luga Bay consisted of 49 taxons of 
invertebrates, about half of which (23, i.e.47%) was presented by Chironomidae larvae. 
Crustacean (9 species) were the second group in species number. Othergroups were 
presented by small number of species number: 1-7 (Table 7). 
The main background of the bottom fauna in Luga Bay made up the animals from 
marine euryhaline (Macoma baltica, Balanus improvisus), glacial-marine relict 
(Mesidothea entomon, Pontoporea affinis), saline (Dreissena polymorpha, Corophium 
curvispinum) and freshwater (Oligochaeta, Chironomidae) complexes. 
The minimum number of species was found in the bay outlet. The most various 
benthofauna was in the southern and western coastal and central areas. 
Molluscs Macoma baltica were presented at 69% sampling stations, Mesidothea 
enthomon and Procladius ferrugineus - 62% (for each species) and Chironomus 
plumosus - 54%. Other animals were presented at less than 50% sampling stations. 
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Abundance and biomass 
The main quantitative characteristics of the zoobenthos at different sampling stations are 
presented in Table 8 and Fig.4. 
The zoobentos in the open part of the bay (in the its outlet into the Galf of Finland) was 
the poorest. Bottom fauna was presented by molluscs, oligochaeta and a species of 
chironomidae (Procladius). Young Mesidothea was met. Values of zoobenthos 
abundance ranged from 13 to 133 ind. m 2, its biomass from 0.01 to 0.18 g m 2. During 
the summer quantitative values changed insignificantly. In September the number of 
Oligochaeta have increased. Averaged values of numbers during the season were 67 ind. 
m2 and0.11 gm2. 
Near the western coast of the bay Chironomidae larvae, leeches and molluscs living 
among water plants were met in a large numbers, especially in the middle of the 
summer. Marine animals Balanus and young Dreissena were found here accompanied 
by typical freshwater forms. The maximum abundance of animals was as much as 1800 
ind. m 2 (Chironomidae larvae in June), biomass - 4.9 g m 2 (molluscs in August). The 
average values of numbers and biomass during the season were 705 ind. m 2 and 1.23 
gm2.  
The most productive bottom areas were the central areas of the bay. Here in parallel 
with high species variety determined by presence of freshwater as well as saline 
representatives, the highest in the bay biomass (140 g m 2) determined by large number 
of molluscs Macoma baltica was noticed. In July these molluscs were the most 
numerous group. In August and September the number of Chironomidae larvae was 
the highest. The average values of zoobenthos numbers and biomass during the 
season were 800 ind. m 2 and 28.2 g m 2. 
In the coastal areas of the southern and south-eastern parts of the bay the role of 
freshwater species, especially Chironomidae, increased. Chironomidae dominated in 
most samples in numbers as well as in biomass. The role of Chironomidae in the benthos 
was especially great in September when in parallel with the increase in their 
abundance there have been a rise in their biomass. The last composed more than 90% of 
the total benthos biomass. The average values of numbers and biomass of the 
zoobenthos during the season were 650 ind. m 2 and 3.67 g m 2. 
The maximum abundance of zoobenthos in the bay was noticed in June (914 ind. m 2), 
biomass - in July (11.57 g m 2). The average values of zoobenthos numbers and biomass 
in the bay during the season were 590 ind m 2 and 7.7 g m 2. 
Fish feeding 
Data on feeding compositions and feeding intensity of fish making up the main body 
of ichthyocoenoses in the littoral zone of Luga Bay are presented in Tables 9, 10 and 
Fig. 5, 6. 
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Roach. - Rutilus rutilus (L.). 
The feeding spectrum of young roach consisted of 21 taxons of food organisms, 
including crustaceans, larvae and pupae of Chironomidae, Trichoptera larvae, fish eggs, 
Bryozoa and plants. 
In July fish eggs predominantly of stickleback were the main food of roach (86% of 
consumed food). Chironomidae were consumed in large amounts too: Cricotopus 
gr.algarum, Cgr.silvestris, Psectrocladius psilopterus formed 12% of food. In August 
Chironomidae took the predominant part in juvenile roach feeding: they made up to 
50% of consumed food. These were pupae (12%) and larvae (34%) predominantly of 
Chironomusplumosus. Bryozoa, filamentous algae and macrophytes formed significant 
part of food. Chydorus sphaericus and Trichoptera larvae were consumed in small 
amounts. 
In July the young roach fed rather intensively. The mean index of food consumption 
was equal to 94 o/000. The share of fed fish was 71 o/000. In August the young roach 
fed very poor, the mean index of food consumption was only 75 o/000, the share of 
fed fish was 87%. 
Vimba. - Vimba vimba (L.). 
The feeding spectrum of juvenile vimba was very large, it consisted of 26 taxons of 
planktonic and benthic organisms. In vimba food were found rotifers, crustaceans, larvae 
and pupae of insects, Oligochaeta, Bryozoa, fish eggs, plant residues. 
In July the main food of vimba was formed by planktonic organisms: C.0 sphaericus 
(55%) and Eurytemora hirundoides (23%). The share of benthic organisms was low. In 
August the young vimba fed almost with benthos or nectobenthos only. Larvae of 
Trichoptera and Chironomidae were predominant. Gammarus lacustris, Bryozoa and 
macrophytes were consumed only slightly. 
The intensity of vimba feeding was low. The index of feeding consumption ranged 
from 24 to 60 o/000 in July and from 6 to 45 o/000 in August, averaged 39 and 21 
o/000 respectively. 
Bleak. - Alburnus alburnus (L.) 
The food of the bleak consisted of Cladocera (6 species), Copepods (1 species), 
Chironomidae (3 species), Trichopterae (1 species) adult insects (2 species), Bryozoa, 
fish eggs and young fish, plant residues. In July Cyprinidae larvae were the main 
component of the food of the bleak (76%). Chironomidae pupae from plankton and 
nectobenthos were consumed rather intensively too (16%). Aerial insects and 
macrophytes fragments were consumed in small amounts. In August the composition 
of bleak food have changed. Cladocera were predominant component of the food. 
Representatives of the genera Bosmina, Alona, Chydorus as well as Bythotrephes 
longimanus and Leptodora kindtii were present in bleak food and sometimes they 
taken together composed to 95,5% of food. Among Chironomidae, larvae of 
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Paratanytarsus lauterborni, Procladius ferrugineus and pupae of C.gr.silvestris 
dominated in bleak food. 
The intensity of bleak feeding was low. The index of feeding consumption averaged 46 
o/000 in July, and 25 o/000 in August, the share of fed fish was 69 and 95 % 
respectively. 
Perch. - Perca fluviatilis L. 
The feeding spectrum of the perch was presented with 32 species, including Rotatoria, 
Cladocera, Copepodes, Mysidacea, Chironomidae, Trichoptera, fish. 
In July the perch fed almost with young fish only, mainly with larvae and young fishes 
of stickleback. In August young perch fed with crustaceans, predominantly Acartia 
clausi (95%), and Sida crystallina, Mysidacea and larvae of Chironomidae. Older fish 
fed mainly with Mysidacea (79%): Neomysis integer and Mysis sp. The share of fish 
as a food decreased to 12% (larvae and young Percidae - 9%, young three-spined 
stickleback - 3% . Chironomidae C. gr. silvestris, C.gr. algarum, P.lauterborni and 
C.plumosus take certain part in feeding (8%). The share of other components was very 
low. 
The feeding activity and degree of food consumption of the perch in July as well as in 
August were high. All fishes were with filled guts. The mean index of food 
consumption was equal to 75 o/000 in July and 103 o/000 in August. 
Three-spined stickleback - Gasterosteus aculeatus L. 
The feeding spectrum of the three-spined stickleback included 28 taxons. Rotatoria, 
Crustacea, larvae and pupae of Chironomidae, adult insects, fish eggs and young fish, 
filamentous algae entered into the composition of its diet. 
Eggs of Gasterosteidae were the main component of food. They made up more than 
50% of consumed food. Crustaceans constituted 28% of the diet; they were dominated 
by Bosmina obtusirostris, E. hirundoides, E. aff nis, Sida crystallina. Among other 
animals pupae of Chironomidae were fed in significant amounts (7%). 
The intensity of feeding was characterized with high indices of consumptions: from 48 
to 377 o/000 (averaged 195 0/000). The share of fed fish was equal to 84 %. 
Nine-spined stickleback. - Pungitius pungitius (L.). 
The feeding spectrum was presented with 29 species of food organisms. Species of 
planktonic organisms as well as benthic ones were present in food in equal parts. 
Besides, fish eggs, young fish and fillamentous algae were consumed. 
Copepods were predominant forms in feeding. They were dominated by E.hirundoides. 
Chironomidae and fish eggs formed significant part of the diet (30% and 23%, 
respectively). Among Chironomidae, larvae of C.plumosus, P. lauterborni, C.gr. 
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silvestris and P.psilopterus were consumed predominantly. Gammarus lacustris, 
Asellus aquaticus, larvae of Trichoptera, young fish were consumed in large amounts. 
The intensity of feeding was high. The mean index of consumption and the number of 
fed fish were identical to that of three-spined stickleback. 
Data on values of growth, food consumption and coefficients of efficiency of 
consumed and assimilated food (K, and K2) of popular fish species in littoral of Luga 
Bay have listed in Table 11. 
Discussion 
Species composition of the phytoplankton in Luga Bay - 107 species and varieties 
noted during four summer-autumn months of investigations - must be taken as usual 
for these region (Balashova, Nikitina, 1989; Nikitina,1991). 
The great majority of phytoplankton species of Luga Bay belong to widely distributed 
freshwater forms. Marine species from blue-green Nodularia spumigena and diatoms 
Chaetoceros wighamii, C. miellery, Achnanthes taeniata have been met too. 
Colonial blue-green Oscillatoria planctonica, O.amphibia, Phormidium sp., 
Aphanizomenon Elos-aquae, Gomphosphaeria lacustris, Nodularia spumigena 
dominated in abundance are typical for the Gulf of Finland and the last three species - 
for Baltic Sea as a whole (Nikolaev, 1961; Nikitina, Porkhacheva, 1980; Kalveka, 
1980; Nikitina, 1987, 1991). 
Seasonal abundance and biomass of the phytoplankton were characterised by two peaks 
in early summer and autumn and minimum in mid-summer. Summer decrease of the 
phytoplankton biomass in the deep-water area is typical for the Baltic Sea as a whole 
(Balode, 1991; Kalveka, 1980; Nikitina, Balashova, 1983; Nikitina, 1991). 
By and large in the summer-autumn period 1994 the phytoplankton biomass in Luga 
Bay (0.5 g m 3) was relatively small (common to oligotrophic waterbodies) against the 
background of very high its abundance (32.106 cell 1'). 
The distribution of phytoplankton dominated by blue-greens in Luga Bay aquatoria in 
1994 depended to a great extent on wind influence. 
Considerable increase of the phytoplankton abundance were recorded in the areas of 
experimental performance of piling up sands on the bottom (station 23) as compared 
with other investigated sampling stations. Further investigations are nesessary to the 
objective evaluation of the influence of piling up works on phytoplankton growth. 
Hydrobiological investigations have to carry out in spring (when diatoms dominate). 
The contribution of "food valuable" for zooplankton algae to the total phytoplankton 
biomass was high but the absolute values of algae biomass available for zooplankton 
filtrators as a food were low (no more than 0.6 g m 3). It has been known that optimal 
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size of consumed particles for phytophilous zooplankton is from 10 to 100 mkm and 
more (Sushchenya, 1975). In different areas of the bay in June algae cells of such sizes 
comprised 29-54% of the phytoplankton, in July - 10-67%, in August - 46-93%, in 
September - 33-57%. In the southern part of the bay very often the concentration of 
"food" phytoplankton was higher. Blue-green Aphanizomenonflos-aquae, Oscillatoria 
planctonica, O.lamphibia, Phormidium sp., Gomphosphaeria lacustris were the main 
representatives of this group. 
Among mass species of blue-green responsible for water-blooms, Aphanizomenon 
Elos-aquae is the most favourable algae as a food for zooplankton (Fott, 1952; Sorokin 
et al., 1965; Lavrentyeva, 1967; Topachevsky et al., 1968). 
As a whole in Luga Bay in 1994 composition and size structure of "food" phytoplankton 
were favourable for the growth of zooplankton filtrators. 
The number of zooplankton species (90) noticed during the examining the bay in 1994 
was the highest for the whole long-term investigation period in Luga Bay (from 35 to 
85 species) (Bitiukov, Greze, Petrovskaya, 1971). Composition and correlation of 
species of a variable degree of halobity (40% of freshwater, 10% of marine, 9% of 
saline, 41% of euryhaline) were usual enough for Luga Bay and the Gulf of Finland as 
a whole. 
The zooplankton background was formed by species with the occurence more than 50% 
during the whole investigation period. They formed the seasonal complexes. Most of 
them belonged to the freshwater complex, some - to marine, other - to saline: Keratella 
quadrata plate!, Synchaeta monopus, S. baltica in August-September, S. oblonga in 
September, Keratella cochlearis in July-August, K cochlearis baltica from July to 
September,l K cochlearis macracantha, Eurytemora hirundoides, Acartia clausi 
from July to September, 	Mesocyclops leuckarti, Micro setella norvegica in 
June-August,l Ceriodaphnia quadrangula in June and September, Chydorus 
sphaericus from July to September, Bosmina obtusirostris obtusirostris, B. 
obtusirostris maritima in June and September, Podon leuckarti, Evadne nordmanna 
(both exepting August) and planktonic stages of Balanus . 
The zooplankton biomass formed mainly by crustaceans. Its maximum was in July, 
averaged for the bay about 1.4 g m 3. 
The averaged for the season values of zooplankton numbers and biomass in Luga Bay 
were stable enough during the long-term period (Table 12). 
The averaged values of zooplankton biomass in 1994 fits into the limits (0.4 - 1.7 g m 3) 
characterizing this trophic link in the eastern part of the Gulf of Finland during the 
long-term period (Bitiukov et al., 1979; Pidgajko, 1971; Sergeev et al., 1977; 
Loganovskaya, Berzina, 1987). In different areas of the bay, the zooplankton biomass 
varies considerable. This was mainly determined by wind currents. Winds of 
north-western direction prevails in the bay, therefore the spots of zooplankton 
congestions may be observed in its south-eastern areas. During the calm (July) spatial 
distribution of zooplankton was determined by currents direction from Luga River. 
306 
The zooplankton abundance peak was noticed in June. Rotifers dominated as a rule: 
their maximum contribution to total number was 73%, averaged for the season 53%. 
Copepods contribution to total number increased during their intensive reproduction in 
summer to 57.5% in August, averaged for the season 30%. Cladocerans contribute 25% 
of the zooplankton abundance. 
During about 20 years the values of zoobenthos abundance in Luga Bay varied 
considerable: the maximum values were more than 10 times as much as minimum (Table 
13). The benthos biomass ranged from 9 to 136 g m-Z. Reasons of such considerable 
fluctuations cannot be defected without knowledge of changes of whole complex of the 
existence conditions for fauna (salinity, currents, temperature, etc.). It is important to 
emphasize that before the begining of building works quantitative values of the benthos 
growth fluctuated too. In this case the zoobenthos abundance and biomass restored 
quickly after the depression. 
The growth level of bottom fauna in Luga Bay in 1994 was low. In the central areas of 
the bay, the maximum values of zoobenthos abundance and biomass in 1994 were 
lower than mean values of long-standing period. 
To evaluate bottom fauna as a food for fish, it should be kept in mind that large 
specimen of molluscs and marine Mesidotea entomon determined the main biomass in 
central sampling stations are beyond the reach of fish feeding. They belong to 
so-called "nonfood" organisms. The averaged biomass of food animals in separate 
sampling stations will decreased by about 10-fold when "non-food" animals are 
excluded. The averaged values of benthos biomass are given in Fig.4. 
Production values characterized zoobenthos growth in Luga Bay in 1994 are on the 
level of the low limit of mesotrothic waterbodies. Since the zoobenthos (its "food" part) 
is presented mainly by small chironomids larvae and oligochaeta, it may use as a food 
for fish-benthophages of all ages. 
The analysis of the data obtained has shown that there have been representatives of 
zooplankton, zoobenthos, nectobenthos, fish and plants in the feeding composition of 
juveniles and adult fish. The total list of species of food organisms of examined fish 
includes 58 taxons (Table 8). 
Copepodid stages and adult calanoids E.hirundoides, E.affinis, A. clause and cyclops of 
the genera Mesocyclops cladocerans, C. sphaericus, B. longimanus, L. kindtii from the 
zooplankton community were predominantly consumed. Copepods were consumed in a 
large amount by three- and nine-spined stickleback and vimba. The small eurytopic 
crustaceans C.sphaericus formed the congestion in the bottom layer of water in the 
littoral zone take significant part in the benthophages feeding (vimba). All listed 
zooplankton species except leptodora were noted as mass and widespread in Luga Bay. 
Among the zoobenthos animals, chironomidae larvae and pupae C.gr.algarum, 
P. lauterborni, C.plumosus, P.psilopterus, Trichoptera larvae, G. lacustris, A.aquaticus 
were mainly consumed. The representatives of this group have been met in significant 
amounts in Cyprinidae and Percidae diets. 
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Among the nectobenthos, Mysidacea (N. integer) intensively consumed. Their maximum 
count were noticed in perch feeding. This marine crustaceans formed the large 
congestion in shallow areas. 
In July fish eggs were responsible for the majority of the diet of almost all fish species. 
Stickleback is qualifyed as fish species with intermittent spawning (Kazansky, 1952; 
Yakobson, 1970). As a result, in July the spawning of stickleback in Luga Bay was not 
completed (there were females with eggs only in all samples). Moreover, perch fed 
with larvae and juveniles of Gasterosteidae, Cyprinidae and Percidae, bleak - with 
Cyprinidae larvae. The highest compositional resemblance of food were observed 
between roach and stickleback as well as between vimba and stickleback (especially 
three-spined stickleback). The diets of these species were identical by 36-68%. The 
diets of two species of stickleback were identical by 51%. 
The nature of fish feeding in Luga Bay in August corresponded in feeding types typical 
of these species in other areas of the Baltic Sea (Yarvekiulg, 1979). Roach fed with 
chironomids, Bryozoa and plants, mainly; vimba consumed trichoptera and 
chironomids; bleak - zooplankton, perch - mysidas, young fish and chironomids. Diet 
overlaps between all investigated fish species, especially cyprinid, occurs in the group 
of chironomids. An increase of chironomids share in the fish feeding presumambly 
resulted from increasing the biomass of this organisms group in August. 
Feeding intensity of different fish species varied significantly. In investigated period 
both of the stickleback species, perch and in July roach fed actively. In July the 
intensity of fish feeding (perch was the sole exception) was higher than in August, 
which was determined presumambly by presence of stickleback eggs laying and fish 
larvae in a large amount in littoral zone. The maximum consumption of three-spined 
stickleback was noticed. It is known that three-spined stickleback has a high feeding 
plasticity, it can consume all food organisms available for it to size (Kostrichkina, 1970; 
Yakobson, 1970; Ogorodnikova, Susloparova, 1986, 1987a). The intensity of cyprinids 
feeding was lower. Roach had the lowest indices of food consumption in August (less 
than 10500/000). The low consumption of the young benthophages was due to 
predominance of large benthic forms that were beyond the reach of feeding for fish of 
such age. 
So, the presence of spawning congestion of three-spined stickleback in the coastal 
zone of Luga Bay exerts twofold effect upon the begining of the rest fish species. Being 
a consumer of food organisms in a large amount, it makes feeding conditions of more 
valuable commercial fish worse. The negative influence of stickleback on 
populations of other fish species in the Gulf of Finland, Riga Bay and Kurshsky Bay 
is marked by many authors (Kostrichkina, 1970; Samokhvalova, 1973; Noskova, 
1975; Prokopenko, 1983; Ogorodnikova, Susloparova, 1986, 1987b). On the other 
hand, stickleback eggs, larvae and juveniles forms significant share in the diet of most 
of fish in the littoral zone of Luga Bay. However in other areas of the Baltic Sea, 
stickleback, as an object of feeding, is consumed by other fish in a small degree 
(Maniukas, 1959; Kostrichkina, 1970). 
Analysing the values of absolute and relative diets of examined fish, it can be noted that 
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absolute values of mean diel diet increase with increasing fish age and weight, and 
relative ones decreases. This regularity noticed earlier by some authors (Bolotova, 1977; 
Tikhomirova, Fedorova, 1977; Fedorova, Tikhomirova, 19 ) is inherent in perch, four 
age-grade groups of which fed in the littoral zone of the bay. The absolute values of 
diel diet of young fish (1+) varies from 0.34 to 0.77 g ind-' day'. The relative diets 
values were of the same order: 4.94-9.88%. The maximum diel consumption has been 
noticed for adult stickleback in July, it was determined by reproductive system growth 
(1.73 g ind-' day' and 67.25%). 
Effectivness of assimilation of consumed food varied significantly for different fish 
species. The minimum efficiency of food assimilation was noticed for adult stickleback, 
especially in its spawning period. The stickleback accumulated only 1.6% of 
assimilating food in July and 2.3% in August, whereas the value of this index for 
another species was significantly higher. The averaged for the investigation period 
value of K2 was equal to 15.5% for roach, 24.9% for vimba and 10.4% for perch. 
So, taking into consideration high abundance of stickleback, plasticity and intensity of 
its feeding, it can be said that the main consumer of food stocks in the littoral zone of 
Luga Bay used them with the lowest efficiency. 
Evaluating the conditions offish feeding in the littoral zone of Luga Bay as a whole, the 
following conclusion can be reached. The most favourable conditions of feeding 
were to perch, three- and nine-spined stickleback. Feeding conditions for cyprinids can 
be determined as unfavourable, what results from the predominance of large-sized 
benthic forms that was nonavailable for feeding of young fish and hard food 
competition with numerous three-spined sticklback. 
As a whole, the ecosystem of Luga Bay can be used as a standard for carrying out the 
long-term investigations, as its characteristics are typical for the eastern part of the Gulf 
of Finland and its bays. 
The materials of our investigations can be used as a base for evaluation of background 
condition of Luga Bay, organization of ecological monitoring during building the 
seaport complexes, provided that data given in this paper will be supplemented with 
data for spring period. 
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Fig. 1. The study area and hydrobiological sampling sites. 
Fig. 2. Phytoplankton biomass in Luga Bay (July 1994). 
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Fig. 3. Zooplankton biomass in Luga Bay (July 1994). 
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Fig. 4. Benthos biomass (averaged in the season) in Luga Bay in 1994. 
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Fig. S. Feeding intensity andfood composition offish in littoral zone of Luga Bay (July 1994). 
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Fig. 6. Feeding intensity andfood composition offish in littoral zone of Luga Bay (August 1994). 
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Table 1. 
The main characteristics of hydrobiological sampling stations in Luga Bay in the investigation 
period (1994) 
Sampling 	Depth 	Sediments 	 Transparensy 	 pH 
stations 	m 	m 	 m 	 surface 	bottom 
1 4,5 sand, gravel, clay 2,7 8,0 7,6 
2 22,0 blackt silt, detritus 4,0 7,8 7,5 
4 24,0 black silt 2,8 7,8 7,7 
5 3,0 rocks 3,5 7,8 7,9 
8 3,5 sand, rocks 3.5 7,.8 7,5 
9 17,0 large-grained sand, ferro- 3,5 7,8 7,5 
manganic concretions, clay 
10 4,5 sand with detritus 1,7 7,8 7,6 
16 3,0 sand 2,8 7,8 7,8 
17 9,0 silty sand 3,1 7,8 7,8 
18 8,0 silty sand 2,7 7,8 7,4 
19 6,0 sand 2,8 7,8 7,8 
20 6,5 hard sand 3,0 7,7 7,7 
23 1,5 sand detritus, shells 1,5 7,6 7,5 
Table 2. 
Characteristics of investigated fish (* -Age has not determinated) 
The number of 	Age 	 Length of 	Weight of 
Fish species 
	
investigated fish 	of fish fish,mm 	fish, g 
1. Roach 39 1+ 	 55,0-102,0 2,2-18,5 
2. Vimba 33 1+ 52,0-82,3 2,2-8,5 
3. Bleak * 51 58,0-95,5 2,5-10,1 
4. Perch 37 0+ - 3+ 	36,0-104,0 0,8-20,5 
5. Three-spined stickleback 51 2+, 	3+ 	40,0-61,0 1,0-3,2 
6. Nine-spined stickleback * 37 40,0-56,5 1,1-1,54 
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Table 3 - Species composition of the phytoplankton in Luga Bay (1994) 
CYANOPHYTA 
Dactylococcopsis irregularis G.M.Smith 
Merismopedia punctata 
Meyen loeocapsa sp. 
Coelosphaerium kuetzingianum Nag. 
Gomphosphaeria lacustris 
Chod. Anabaena circinalis (Katz.) Hansg. 
A.flos-aquae (Lyngb.) Breb. 
A. spiroides Kleb. 
A.lemmermannii P.Richt. 
Aphanizomenoll flos-aquae ( L.) Ralfs 
Nodularia spumigena Mert. 
Qscillatoria amphibia Ag. 
O.planctonica Wolosz. 
Phormidium sp. Lyngbya limnetica Lemm. 
Lyngbya sp. 
CHRYSOPHYTA 
Kephyrion doliolum Conr. 
Uroglenopsis americana (Calk.) Lemm. 
XANTHOPHYTA C 
Centritractus belonophorus Lemm. 
BACILLARIOPHYTA 
Aulacosira italica (Kutz.) Simon. 
Aulacosira islandica O.MuIl 
Melosira undulata var.normannii Am. 
M.varians Am. 
Cyclotella kuetzingiana Thw. 
C.meneghiniana Kutz. 
Stephanodiscus astraea (Ehr.) Grua. 
Chaetoceros wighamii Bright. 
C.muellery Lemm. 
Sceletonema subsalsum (A.C1.) Bethge 
Tabellaria fenestrata (Lyngb.) Kutz. 
Meridion circulare Ag. 
Diatoma vulgare Bory 
D.elongatum (Lyngb.) Ag. 
D.hiemale (Lyngb.) Heib. 
Fragilaria capucina Desm. 
F. crotonensis Kitt. 
Synedra acus Kutz. 
S.ulna (Nitzsch.) Ehr. 
Asterionella gracillima (Hantzsch.) Heib. 
Achnanthes taeniata Grua. 
Phoicosphenia curvata (Kutz.) Grun. 
Navicula lanceolata (Ag.) Kutz. 
N.rhynchocephala Kutz. 
Navicula sp.I 
Navicula sp.2 
Navicula sp.3 
Pinnularia sp. 
Amphora coffeaeformis Ag. 
A.commutata Grin. 
Amphora sp. 
Cymbella sp.1 
Cymbella sp.2 
Gomphonema constrictum Ehr. 
Gomphonema sp. 
Nitzschia tryblionella var.calida Grua. 
316 
Surirella linearis W.Sm. 
S.tenera Greg. 
CRYPTOPHYTA 
Chroomonas acuta Utern. 
Cryptomonas obovata Czosnowsk. 
C. Ovata Ehr. 
DINOPHYTA 
Gymnodinium sp. 1 
Gymnodinium sp.2 
Glenodinium gymnodinium Penard. 
EUGLENOPHYTA 
Trachelomonas volvocina Ehr. 
Euglena sp. l 
Euglena sp.2 
CHLOROPHYTA 
Volvocales 
Chlamydomonas monadina Stein. 
C.globosa Snow 
Chlamydomonas sp.l 
Chlamydomonas sp.2 
Platymonas arnoldii (Prosch.-Lavr.) Matv. Pandorina morum 
(Mull.) Bory 
Chlorococcales 
Dictyococcus pseudovarians Korschik. 
D.mucosus Korschik. 
Chlorella vulgaris Beyer. Chlorella sp. 
Tetraedron minimum (A.Br.) Hansg. 
Oocystis borgei Snow. 
O.submarina Lagerh. 
O.soiitaria Wittr. 
Lagerheimia quadriseta (Lemm.) G.M. Smith 
Trochiscia aciculifera (Lagerh.) Hansg 
Lambertia ocellata Korschik 
Kirchneriella lunaris (Kirscnm.) Moeb 
Ankistrodesnlus longissimus (Lemm.) Wille 
A.angustus Bern. 
A.pseudomirabilis Korschik 
A.arcuatus Korscnik 
Coenocystis planctonica Korschik 
Micractinium pusillum Fres 
Dictyosphaerium pulchellum Wood 
D.ehrenbergianum Naeg. 
Dictyochlorella reniformis (Korschik.) Silva 
Coelastrum sphaericum Nag 
Tetrastrum sp. 
Actinastrum hantzschii Lagerh 
Scenedesmus acuminatus var.biseriatus Reinh 
S.bijugatus (Turp.) Kiitz 
S.quadricauda (Torp.) Breb 
S.opoliensis Richt 
Dispora crucigenioides Printz 
Raphidonema longiseta Vischer 
Chaetophorales 
Fernandinella alpina Chod.et Korschik 
Chloroplana terricola Hollerb 
Xygnematales 
Mougeotia sp. 
Closterium aciculare (Tuffen.) West 
C.Qsmarium sp. 
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Table 4 - The mean number (N, lO3 cell 1"') and biomass (B, g m3) of phytoplankton in Luga Bay 
(June-September 1994) 
Phyto- 
plankton 
June 
N B 
July 
N B 
August 
N B 
September 
N 	B 
Average 
N 	B 
Cyanophyta 43303 0,46 18867 0,23 4123 0,07 55642 0,43 30484 0,30 
Bacyllariophyta 44 0,09 12 0,01 28 0,04 196 0,28 70 0,10 
Xanthophyta - - 1 <0,01 30 0,01 16 0,02 12 0,01 
Cryptophyta 2 <0,01 - - 3 0,01 - - 1 <0,01 
Dinophyta - - 2 <0,01 6 0,04 4 0,06 3 0,02 
Euglenophyta 2 <0,01 <1 <0,01 1 <0,01 24 0,01 7 <0,01 
Chlorophyta 1093 0,05 264 0,03 527 0,03 2745 0,16 1157 0,07 
Total number 44444 0,60 19146 0,27 	4718 0,20 	58627 0,96 	31734 0,51 
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Table 5 - Species composition of the zooplankton in Luga Bay (1994). 
ROTATORIA 
Tricocerca (D.) (Muller) 
T. Löngiceta (Schrank) 
Gastropus stylifer Imhof 
Ascomorpha ecaudis Perty 
Synchaeta monopus Plate 
S. fennica Rousselet 
S. triophthalma Lauterborn 
S. tamara Smirnov 
S. baltica Ehrenberg 
S. grandis Cacharias 
S. stylata Wierzejski 
S. oblonga Ehrenberg 
S. pectinata Ehrenberg 
S. tremula (Muller) 
Plyarthra vulgaris arlis 
P.dolychoptera Idelson 
P.remata Skorikov 
Ploesorna truncatum (Levander) 
Asplanchna priodonta priodonta Gosse 
Lecane luna luna Muller 
Proales sp. 
Trichotria pocillum (Muller) 
Colurella dicentra (Gosse) 
Lepadella spi 
Euchlanis dilatata Ehrenberg 
Brachionus quadridentatus Hermann 
B.plicatilis plicatilis Muller 
B.angularis Gosse 
Platias quadricornis (Ehrenberg) 
Keratella crucifonnis crucifonnis Thompson 
K. cochlearis cochlearis (Gosse) 
K.c.baltica (Sokolova) 
K.c.macracantha (Lauterborn) 
K.iuregularis (Lauterborn) 
K.quadrata (Muller) 
K.q.frenzeli (Eckstein) 
Notholca acuminata (Ehrenberg) 
Conochilus unicornis Rousselet 
Hezarthra fennica (Levander) 
Collotheca pelagica (Rousselet) 
C.ornata (Ehrenberg) 
COPEPODA 
Lirrnocalanus grimaldii Guerne 
Audiaptomus sp. (juv.) 
Eurytemora affinis (Poppe) 
E.hirundoides Nordquist 
E.lacustris (Poppe) 
Acartia clausi Giesbrecht 
Paracyclops fimbriatus (Fisch.) 
Ectocyclops phaleratus (Koch) 
Cyclops strenuus Fish. 
Acanthocyclops sp. (juv.) 
Mecyclops leuckarti Claus 
M.oithonoides Sars 
Ergasilus sieboldi Nordmann 
Microsetella norvegica Boeck 
Idyaea furcata (Baird) 
CLADOCERA 
Limnosida frontosa Sars 
Diaphanosoma brachyurum (Lievin) 
Daphnia longispina O.F.Miiller 
D.cucullata Sars 
D.cristata Sars 
Ceriodaphnia quadrangula (O.F.Muller) 
C.pulchella Sars 
Monospilus dispar Sars 
Chydorus sphaericus (O.F.Miiller) 
Ch.ovalis Kurz 
Pleunoroxus aduncus (Jurine) 
P.trigonellus O.F.Muller 
Alona affmis Leydig 
A.quadrangularis (O.F.Muller) 
Bosmina longirostris (O.F.Muller) 
B.obtusirostris obtusirostris Sars 
B.obtusirostris lacustris Sars 
B.obtusirostris maritima P.E.Muller 
B.coregoni Baird 
B.coregoni maritima P.E.Muller 
Polyphemus exiguus Sars 
Bythotrephes longimanus Leydig 
B.cederstromii robustus Lilljeborg 
Podon intermedius Lilljeborg 
P.polyphemoides (Leuckart) 
P.leuckarti Sars 
Evadne nordmanni Loven 
Leptodora kindtii (Focke) 
The others 
Polychaeta (juv.) 
Macoma (juv) 
Neomysis integer (Leach) 
Balanus (juv.) 
Ostracoda (juv.) 
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Table 6 - The mean number (N, 103 ind- m 3) and biomass (B, g m 3) of zooplankton in Luga Bay 
(June-September 1994) 
Zooplankton June July August September Average 
groups N B N B N B N B N B 
Rotatoria 121 0,09 93 0,07 44 0,03 75 0,08 87 0,07 
Copepoda 26 0,03 72 0,77 78 0,26 40 0,36 54 0,041 
Cladocera 17 0,39 57 0,53 2 0,04 8 0,10 21 0,26 
Others I <0,01 7 0,03 1 <0,01 1 <0,01 2 0,01 
Total 165 0,51 230 1,40 136 0,33 124 0,54 164 0,75 
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Table 7 - Species composition of the zoobenthos in Luga Bay (1994) 
MOLLUSCA 
Macoma baltica (L.) 
Dreissena polymorpha (Pallas) 
Euglesia sp. 
Theodoxus fluviatilis (L.) 
Borystenia natacina (Menke) 
Bithynia tentaculata (L.) 
Dorylaimus (=Limnaea) stagnalis (L.) 
OLIGOCHAETA 
Lumbriculus variegatus (O.F.M.) 
Limnodrilus hof meisteri Clap. 
L. udekemianus Clap. 
Tubifex tubifex (O.F.M.) 
HIRUDINEA 
Erpobdella octoculata (L.) 
NEMATHODES 
Nemathodes.g.sp. 
CRUSTACEA 
Harpacticidae, g.sp. 
Ostracoda, g.sp. 
Balanus improvisus Darvin 
Mesidotea enthomon (L.) 
Asellus aquaticus L. 
Corophium sp. 
Pontoporeia affmis Lind 
Gammarus lacustris G.O.Sars 
Neomysis integer (Leach.) 
INSECTA 
Ephydridae 
Ephydra sp. 
Chironomidae 
Procladius ferrugineus Kief. 
P.choreus Meigen 
Cricotopus gr.algarum Kief 
C.versidentatus Tshern 
Chironomus f.l.plumosus L. 
Stictochironomus gr.histrio Fabr. 
Micropsectra curvicornis Tshern 
M.praecox Meigen 
Cladotanitarsus gr.mancus Walker 
Paratanytarsus tenuis (Meigen) 
Polypedilum conbictum (Walker) 
P.scalenus (Schrenk) 
P.breviantennatum Tshern 
Endochironomus impar Walker 
Cryptochironomus defectus Kief. 
C.vulneratus Zetter 
Pentapedilum exectum Kief. 
Glyptotendipes glaucus (Meigen) 
G.barbipes (Staeg.) 
G.gr.gripecoveni Kief. 
Lauterborniella agrailoides (Kief) 
Limnochironomus tritomus (Kief) 
Trichoptera 
Agrailea multipunctata Curtis 
CHELICERATA 
Hydracarina, g.sp. 
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Table 8 - Species number, abundance (N, ind. m2) and biomass (B, g m 2) of zoobenthos in Luga 
Bay (June-September 1994) 
Sampling Species Marks Months Average 
stations number June July August September 
1 2 3 4 5 6 7 8 
1 2 N - 40 - - - 
B - 8,92 - - - 
2 5 N - 93 13 133 80 
B 0,13 0,01 0,18 0,11 
4 4 N - - 67 120 62 
B - - 0,13 0,18 0,11 
5 4 N - - - 440 -  
B - - - 0,63 - 
8 12 N - 1240 480 1020 913 
B - 1,58 3,18 0,53 1,76 
9 9 N - 220 267 347 278 
B - 23,84 0,36 40,67 21,62 
10 6 N - 27 373 - 200 
B - 0,03 1,13 - 0,58 
16 10 N 627 1200 93 70 498 
B 0,37 2,07 0,13 0,24 0,70 
17 4 N 1213 - - - - 
B 14,18 - - - - 
18 17 N 1440 573 1413 1760 1297 
B 30,40 61,01 36,59 11,16 3479 
19 10 N 1160 80 385 80 426 
B 11,23 0,05 0,78 0,06 3,03 
20 12 N 560 947 - 1573 10,27 
B 1,08 17,98 - 2,23 7,10 
20 11 N 487 67 160 1280 499 
B 0,64 0,05 0,22 2,63 0,89 
Average N 910 410 360 680 590 
B 9,65 10,51 4,73 5,85 7,70 
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Table 9 - Food composition on fish in littoral zone of Luga Bay (1994). 1 - roach, 2 - vimba, 3 - 
bleak, 4 - perch, 5 - three-spined stickleback, 6 - nine-spilled stickleback. 
Taxons Fish species 
1 	2 3 4 5 6 
ROTATORIA 
Keratella cochlearis (Gosse) + + + 
K.quadrata (O.F.Muller) + 
Trichocerca capucina (Wierzejski et Zacharias) + + 
Rotatoria, g.sp. + 
CRUSTACEA 
Cladocera 
Sida crystallina (O.F.Muller) + + + + + 
Ceriodaphnia sp. + + + 
Euricercus lamellatus (O.F.Muller) + + + + 
Chydorus ovalis Kurz + + 
C.sphaericus (O.F.Muller) + + + + + + 
Alona sp. + + + + + 
Alonella sp. + 
Bosmina obtusirostris Sars + + + + + 
B.longirostris (O.F.Muller) + 
B.coregoni Baird + + 
Bythotrephes longimanus Leydig + + 
Podon intermedius Lil.ljeborg + + + + 
Leptodora kindtii (Focke) + + + 
Copepoda 
Mesocyclops leuckarti (Claus) + + + + + 
Eurytemora lacustris (Poppe) + 
E.affinis (Poppe) + + + 
E.hirundoides Nordquist + + + + 
Acartia clausi Giesbrecht + 
Microsetella norvegica Boeck + + 
Harpacticoida, g.sp. + + + 
Ostracoda 
Ostracoda,g.sp. + + 
Mysidacea 
Neomysis integer (Leach) + 
Mysis sp. + + 
Isopoda 
Asellus aquaticus Linne + + 
INSECTA 
Chironomidae 
Procladius gr.choreus Meigen + + 
P.ferrugineus Kieffer + 
Cricotopus gr. algarum Kieffer + + + + + 
C.gr.silvestris Fabricius + + + + + + 
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Psectrocladius gr.dilatatus van der Walp + 
P.gr.psilopterus Kieffer + + + + 
Orthocladius saxicola Kieffer + + + + 
Prodiames gr.bathyphila Kieffer + 
Corynoneura celeripes Winner + + + 
Chironomus plumosus Linne + + + + 
C.dorsalis Meigen + 
Cladotanytarsus gr.mancus Walker + + 
Paratanytarsus gr.lauterborni Kieffer + + + + + + 
Micropsectra praecox (Meigen) + 
Cryptochironomus defectus Kieffer + 
Endochironomus albipennis Meigen + 
Polypedilum scalaenum (Schrank) + 
Stictochironomus gr. histrio Fabricius + 
Culicidae 
Culicidae, g.sp. + 
Coleoptera 
Coleoptera,g.sp. + + 
Trichoptera 
Argaulea multipunctata Curtis + 
Trichoptera, g.sp. + + + + + 
Insecta (the others) 
Hydracarina 
Hydracarina,g.sp. + + 
OLIGOHAETA 
Oligohaeta, g.sp. + 
BRYOZOA 
Bryozoa, g.sp. + + + 
PISCES 
Eggs + + + + + 
Larvae, fingerlings + + + + 
Plants residues + + + + + 
Taxons number 	 21 26 	17 	32 	28 	32 
length, 
mm 
weight, 
g 
Roach VII 72,71 6,76 
VIII 75,87 7,59 
Vimba VII 63,03 3,40 
VIII 72,79 5,89 
Bleak VII 72,46 4,42 
VIII 73,68 5,02 
Pearch VII 84,60 12,21 
VIII 61,88 5,61 
Three-spined VII 53,00 2,22 
stickleback 
Nine-spined VII 48,42 1,23 
Clado- Cope- Mala- Chiro- Tri- Fish Bryo- Plants- The others 
cera poda costraca costrada nomidae choptera zoa residues 
0,1 - - 12,3 1,1 86,4 - - 0,1 
11,4 <0,1 - 45,9 8,9 18.8 16.1 
54,9 24,2 - 8,1 - 3,0 - 8,3 1,5 
3,1 0,6 6,9 25,8 47,2 - 2,7 7,5 6,2 
<0,1 <0,1 - 16,4 - 76,5 - 4,2 2,9 
60,0 - - 29,0 1,1 - 0,3 ,3 7,3 
0,3 <0,1 - 1,0 1,3 97,1 - 0,3 
7,1 4,4 67,9 10,5 - 10,1 - -<0,1 
10,7 17,2 0,5 7,6 - 63,3 - 0,1 0,6 
1,5 	38,5 	5,3 	29,8 	0,2 	24,2 	- 	<0,1 	0,5 
W 
N 
Lh 
Table 10. Food composition of fish in littoral zone of Luga Bay (July - August 1994) 
Average 	 Food composition, % 
Fish species 	Mont 
stickleback 
Table 11. Values of fish growth and efficiency of food consumption in littoral zone of Luga Bay in July-September 1994. Body weight (W, g), 
somatic growth (P, gind.-'day), total metabolism (R, gind"'day"') repproduction growth (Pg, gind;'day') values of food consumption (C, Bind."'day' 
C.W-', %), K,, K2 coefficients 
Fish species 	Age 	Date 	W 	P 	R 	Pg 	C 	C.W'` 	K, 	K2 
Roach 1+ 15.07-10.08 7,19 0.0234 0.5360 	- 0.7105 9.88 0.046 0.057 
10.8-18.09 10.55 0.1561 0.4637 	- 0.7748 7.34 0.201 0.252 
Vimba 1+ 15.07-16.09 4.65 0.0800 0.2548 	- 0.4185 9.00 0.191 0.239  
16.08-18.09 7.20 0.0799 0.2294 	- 0.3866 5.37 0.207 0.258  
Perch 0+ 10.08-18.09 1.47 0.0124 0.0988 	- 0.1390 9.46 0.089 0.112 
1+ 16.07-18.09 6.27 0.0332 0.3465 	- 0.4746 7.57 0.070 0.087 
2+ 16.07-18.09 14.13 0.0438 0.6220 	- 0.8323 5.89 0.053 0.066 
3+ 16.07-18.09 21.83 0.1310 0.7324 	- 1.0793 4.94 0.121 0.152 
Three-spined 3+ 15.07-16.09 2.57 0.0220 0.1647 	1.196 1.7284 67.25 0.013 0.016 
stickleback 16.08-18.09 2.97 0.0027 0.1165 	- 0.1490 5.02 0.018 0.023 
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Table 12. Mean number (N, 103 ind m 3 )  and biomass (B, g m 3) of zooplankton in Luga Bay during 1985-1994 
Year 	 Months 	N 	B 	Reference 
1985 XI-X 9,37 0,22 
1986 YI-X 21,38 0,58 
1987 YI-X 16,47 0,47 
1989 YI-X 12,00 0,51 
1994 YI-IX 164,17 0,75 
Yezhegodnik....,1990 
present paper 
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Table 13. Long-time dynamics of abundance (Ni indmm 2)) and biomass (g m-2)  of 
zoobenthos in the central areas of Luga Bay 
Years Values Oligochaeta Mollusca Crustacea Chironomidae Total 
1974 N 843 450 3390 - 4700 
B 1.16 125.0 4.71 36.01 130.84 
1981 N 800 160 - - 960 
B 3.00 48.00 - - 51.00 
1982 N 2554 1213 188 25 3980 
B 6.35 11.97 1.20 0.05 19.57 
1983 N 219 94 25 38 376 
B 0.44 8.47 1.31 0.01 10.23 
1984 N 304 46 - 46 396 
B 0.89 8.02 - 0.09 9.00 
1985 N 1982 46 15 367 2410 
B 5.94 10.71 1.87 1.57 20.09 
1986 N 1430 92 16 1767 3305 
B 6.73 89.36 4.25 30.01 136.35 
1988 N 570 160 323 1437 2490 
B 0.66 25.41 1.52 4.09 38.37 
1989 N 1846 345 136 288 3860 
B 1.65 55.32 0.71 1.40 59.40 
1991 N 2400 180 30 80 2690 
B 35.41 66.81 0.99 0.96 104.18 
1994 N 364 320 27 587 1297 
B 0.63 32.43 0.53 1.16 34.79 
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7. WATER EXCHANGE AND GENERAL CIRCULATION 
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7.1 HYDRODYNAMICS OF THE GULF OF FINLAND 
Pekka Alenius and Kai Myrberg 
Finnish Institute of Marine Research 
Aleksei Nekrasov 
Russian State Hydrometeorological Institute 
Introduction 
The Gulf of Finland (GOF) is an elongated estuarine basin where physical phenomena from 
small-scale vortices up to large-scale circulation take place. It is a rather complicated 
hydrographic region facing saline water input in the deep layers at one end and large 
volumes of fresh water input at the other end of the gulf. Therefore density-driven 
(buoyancy) currents play an important role in the circulation in addition to the wind-driven 
circulation and the circulation induced by the surface slope. The complicated bottom 
topography favors formation of mesoscale circulation patterns like fronts and eddies, which 
are typically non-linear from character. Pronounced seasonal variations in the stratification 
characterise the hydrographic variability, too. 
The gulf is surrounded by several big cities and lots of industry. The manifold physical 
oceanographic processes affect the distribution and spreading of both man made and natural 
discharges of chemical and biological substances in the gulf. They also make the gulf a 
challenging area of research. The geographically limited size allows to cover the area by 
observations with a rather dense spatial resolution. Thus there is good possibilities for 
experimental studies and verification of numerical models. The complexity of the air-sea 
system in the GOF is, however, a complicated problem for numerical modelling. 
During several decades the physical processes in the gulf have been studied based on local 
observations only. The political changes in 1990's in the GOF area have made again 
possible to carry out basin wide studies in international co-operation, as in the Gulf of 
Finland Year 1996. The knowledge of the physical properties of the gulf as a whole is 
important both for basic research and for assessing the state of the marine environment. It 
is a basis for coupled physical-chemical-biological numerical modelling that can aid in 
assessing the response of the sea to the human impact. 
In this paper we summarise briefly the important physical processes affecting the state of 
the gulf. This summary is based on a more thorough review paper of the hydrodynamics of 
the Gulf of Finland to be published by the authors. We also describe shortly some of the 
ongoing larger scale physical oceanography projects that are relevant to the Gulf of Finland 
Year. Our main scope is mainly in the circulation physics, distributions of salinity and 
temperature and related processes. Descriptions of general features of the physics of the 
GOF can be found from several textbooks, where, however, the main focus has been on 
studies of the Baltic Sea Proper. The reader is referred to reviews of the Baltic Sea marine 
systems by Voipio (1981), Mälkki and Tamsalu (1985). 
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Geographic features 
The most important background for physical oceanography processes is naturally the 
geographic features of the basin. This means both the geographic shape, dimensions and 
the location of the basin on the earth. The GOF is a long basin that is directly connected to 
the Baltic Sea proper without any sills in between. This is an important feature because 
even the deep waters of the two basins are in continuous interaction. The basin is relatively 
deep (in the scale of the Baltic Sea depths) along its length axis. The eastern end of the 
basin faces large fresh water supply and it is shallow; a feature that is again important for 
mixing. Thus the whole GOF is like an very large estuary. 
The typical geographic scales of the Gulf of Finland are: 
- length 400 km 
- width 48-135 km (western part and the wider eastern basin respectively) 
- area 29 571 km2 
- mean depth 37 m, maximum depth 123 m 
- volume 1103 km3 (5 % of the whole Baltic Sea) 
- drainage area 420 990 km2 (20 % of that of the whole Baltic Sea) 
- fresh water input 114 km3/y (Neva alone contributes about 95 km3/y) 
The location of the gulf on the earth (between 59°11'N, 22°50'E and 60046N, 30°20'E) 
determines the climatic and weather conditions of the basin. The area is characterised by 
large annual temperature cycle and south-westerly winds (Launiainen and Laurila 1984). 
Hydrographic regime 
The hydrographic regime of the gulf is determined by the continuous interaction of water 
masses of different origin: a very typical case of an estuary. The very eastern end of the gulf 
receives the largest single fresh water input in the whole Baltic Sea, the River Neva (3000 
m3/s). Together with this the efficient exchange with the Baltic Sea deeper waters in the 
west leads to more or less continuous salinity variation in both vertical and horizontal 
directions. The surface salinity varies from 0 at the eastern end to 6.5 at the western end of 
the gulf. The vertical range of variation depends on the location. There is no big annual 
variability in the salinity. The spring melting of ice and spring floods are, however, seen in 
the surface salinity and even the deep layer salinity is correlated to the amount of river 
inflow. 
Temperature of the gulf has strong annual cycle especially in the surface layer. During the 
winter the uppermost layer down to some 50-60 m depth is well mixed and cold. The 
surface temperature is near to or at the freezing point between late January and late March. 
In the summer there is a strong vertical thermal stratification where a typically 10-20 m 
deep upper layer is warm (typically some 16°C)(Alenius and Leppäranta 1982) and cool 
water is below that. The salinity and temperature conditions are such that both in spring and 
in autumn a convective overturning of the upper layers occur in the gulf causing efficient 
vertical mixing from the surface down to some 50-60 m depth twice a year. 
The salinity has strong horizontal and vertical gradients in the gulf. This leads to formation 
of horizontal density fronts. Fronts are important convergence areas where material 
333 
accumulates. Thus such fronts affect much in the redistribution of discharged material in 
the sea. 
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Average annual course of surface temperature at Harmaja (Haapala and Alenius 1994). 
General circulation 
The most important factor generating sea currents in the Baltic Sea is the wind forcing. The 
basin is large enough to face the effect of earth rotation as well. When we include the effect 
of the buoyancy forces caused by the differences of densities of different water masses, we 
get the factors that determine the large scale circulation in the gulf. 
The geographic location of the gulf on the planet earth is such that the south-westerly winds 
dominate most of the year in the area. The Earth rotation turns the currents to the right from 
their direction of propagation and the gravity forces act in the east-west direction. All these 
factors are in favour to generate cyclonic (anticlockwise) residual circulation in the gulf 
(Witting, 1912; Palmen, 1930; Hela, 1946). 
The classic studies of Witting (1912), Palmen (1930) and Hela (1952) on the general 
circulation of the northern Baltic Sea have given the annual resultant surface current field 
of the Gulf of Finland and the Gulf of Bothnia. The annual mean residual vector speeds are 
of the order of 1-2 cm/s and stability between 6 and 26 %. This relatively poor stability of 
the currents indicates that the counter-clockwise mean circulation is a statistical property, 
not a constant phenomenon. The slow speed of the residual general circulation results to 
a time scale 7.5-15 months from end to an other in the GOF. Typical instantaneous current 
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speed in the upper layer is of the order of 10 cm/s (leading to a time scale of 1.5 months). 
The direction of the current is quite variable but it can be "constant" for several days to 
weeks (Talpsepp et.al. 1994). 
Eddies of the scale of 1-20 km may be typical. The internal Rossby radius of deformation 
is a horizontal scale at which rotation effects become as important as buoyancy effects. So, 
at length scale small compared with Rossby radius, the adjustment is approximately the 
same as in a non-rotating system. This scale is rather important for the physics of the 
coastal zone and also for the numerical modelling. In models the resolution of the model 
should take into account this scale if the processed will be described accurately. The Rossby 
radius of deformation in the Gulf of Finland is of the order of 1-2 km, which should be 
considered as small. 
Figure 1. Input and flow of water masses in the Gulf of Finland. 
Exchange and mixing 
Exchange and mixing processes are very important in redistributing the discharged material 
in the sea. Natural processes can spread the material effectively and dilute the concentra-
tions. There are, however, processes that can do the contrary, concentrate material 
somewhere. Thus both large scale and small scale mixing processes are important. 
In many recent studies semi-permanent fronts are supposed to exist in the gulf (Pavelson 
1988, Tamsalu and Myrberg 1995). There are both geographic and hydrographic factors that 
may support the formation on meso-scale eddies (scales from several kilometres to some 
tens of kilometres). One such area is in the middle of the gulf between Helsinki and Tallinn 
area where the Naissaari island and a ridge on the bottom north of the island tend to steer 
the deep incoming currents towards north there. 
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Coastal and open sea waters are mixed in fronts. The coast-open sea interaction is a subject 
of interest because the strongest currents are confined to the coastal zone and are generally 
along the coast flowing. In spite of this contaminants from land origin are found in the 
middle of the basins as well. 
The eastern GOF is a specially interesting mixing area. The large amounts of river water 
mix with the sea water in the shallower eastern basin. 
Upwelling is important phenomenon that transfers nutrients from the deeper layers back to 
the upper layer. It seem to be a common feature at some coastal areas like on the eastern 
side of the Hanko peninsula (Hela 1976, Haapala 1994). 
Water level oscillations are marked at such long narrow basins. The eastern end of the GOF 
faces high water floods every year. These events flush the eastern gulf effectively. Normal 
water level variability is +- 2 m in the eastern end of the gulf. Even in the central gulf at 
Helsinki, the range of variation is from about -90 to +140 cm with reference to (theoretical) 
mean sea level. The variability is largest in the winter and smallest in the summer (Lisitzin 
1959). 
Horizontal turbulence in the coastal regions of the GOF plays a significant role in 
transportation, distribution and spreading of substances like contaminants discharged from 
rivers and runoff from agricultural lands. The parameters of turbulence that are needed to 
estimate the intensity of the exchange between coastal zone and open sea are highly 
variable. The horizontal turbulence in the coastal areas of the western and eastern GOF 
have been studied by Russian scientists (Ivanov and Mikhailov 1972 and Mikhailov 1974). 
Figure 2. Mixing in the Gulf of Finland. 
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Ice 
Ice cover in the gulf is an every winter phenomenon (number of ice days about 30 in the 
west and 120 in the east) Anon. (1982). The importance of the ice is most dramatically seen 
in the difficult sea traffic conditions where, as an example, the late winter travel time from 
Helsinki to Tallinn by ship lengthens from ordinary 3.5 hours to 6 hours. For the nature 
more important is still that the ice cover affects the circulation and transport of matters. Ice 
cover can isolate the water from the direct effect of the atmosphere, but when the winds 
move and pile ice other type of effects to the circulation appear, too. 
The general characteristics of the ice cover, like its duration, thickness statistics etc., are 
well studied and well known. The circulation below the ice as well as other effects of the 
ice piles on local dynamics for example are far less studied and not so well known. This 
seems to be an area where further work should be done. 
Air-sea interaction 
Winds are the main driving force for the circulation. Especially important are the variations 
in the wind find field over the sea. The number of wind observation stations over the sea 
is naturally small. Thus the knowledge on the atmospheric conditions relies on atmospheric 
models. The hydrographic conditions (Rossby radius small) are such that high demands for 
atmospheric data are given in numerical sea modelling. 
Open sea meteorology needs to be strengthened if realistic numerical modelling of the 
physical oceanography processes in the gulf are aimed at. This concerns also the 
development of atmospheric models. More accurate models are needed. 
Recent field and modelling programmes 
In recent years increasing interest has been shown to the physical processes of the GOF. 
Several international co-operation projects has been conducted in the GOF. Field 
experiments for studying the hydrodynamic control of phytoplankton blooms in the 
entrance of the GOF have been done by Finnish and Estonian scientists yearly since 1994. 
The Finnish institute of Marine Research conducted current measurements in the entrance 
of the GOF in summers 1994 and 1995. During the Gulf of Finland Year current 
measurements were done in the central GOF between Helsinki and Tallinn. All these 
experiments included hydrographic grids covering the whole western GOF. Russian 
scientist have concentrated their hydrographic studies in the eastern GOF. The Finnish and 
Russian research cruises were planned to be supplementary to each other in 1996. 
Numerical modelling of the hydrodynamics and ecosystem of the GOF has actively been 
done during the recent years. The before mentioned field experiments serve verification 
data for hydrodynamic-ecosystem model project that is conducted as long term Estonian-
Finnish co-operation. 
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Future research 
The GOF will be a subject of co-operation in many physical oceanographic respects also 
in the future. The Gulf of Finland Year 1996 serves as a catalysator for more intensive co-
operation between the three countries. 
Numerical modelling activities are well ongoing. Model verification and validation projects 
have been started and increased accuracy of the models by decreased grid size (grid step < 
1 km) is a near future aim. Co-operation between marine and meteorological institutes for 
more accurate atmospheric input (wind, temp, humidity etc.; a demand for atmospheric 
models) is established. The accurate river inflow information is important for estimating 
the response of the sea to man made discharges. Changes in the river plume can induce 
disturbances that generate fronts, as an example. 
In numerical modelling continuous data assimilation is needed to keep the model running 
as realistically as possible. The sea level data is easiest to use in this respect. 
New process studies are still needed. Characteristics of the circulation should still be 
studied and need for local studies seems to be increasing. Modern techniques (ADCP, 
batfish, remote sensing) gives much possibilities to better understanding of the processes 
and should be used also in the GOF. Circulation below the ice in winter time should be 
studied. General characteristics of salinity and temperature fields are well described, but 
dynamics of the fronts, effects of variations in river inflow, exchange and mixing processes 
and horizontal turbulence are subjects where more research is needed. 
Specialised field experiments aimed at understanding these processes would be rather easy 
to organise in the GOF as co-operation between the three countries. 
Co-operation 
There are several active institutes in physical oceanography around the GOF. There has 
been since decades good research co-operation between Estonian Marine Institute and 
Finnish Institute of Marine Research in physical oceanography. During the Gulf of Finland 
Year 1996 links between these and Finnish Environment Institute, Russian State 
Hydrometeorological Institute, State Oceanographic Institute, Institute of Oceanology 
(Russian Academy of Sciences) and Institute of Limnology (Russian Academy of Sciences) 
were established and strengthened. The research community should benefit from the good 
experiences of the co-operation between the operative oceanography units, like the ice 
services. 
The co-operation in coming years would be co-ordinated planning of experiments, joint 
cruises, joint research studies, co-operation in model development and exchange of data 
and results. 
338 
References 
Alenius, P. and Leppäranta, M. 1982: Statistical hydrography. - Proceedings of the 13th Conference of Baltic 
Oceanographers, Helsinki, Finland. 
Anonymous, 1982:*Climatological Ice Atlas for the Baltic Sea, Kattegatt, Skagerrak and Lake Vänern (1963-1979). - SMHI 
and FIMR. 
Haapala, J. and Alenius, P. 1994: Temperature and salinity statistics for the northern Baltic Sea 1961-1990. Finnish Marine 
Research, 262, pp. 51-121. 
Anonymous, 1982: Climatological Ice Atlas for the Baltic Sea, Kattegatt, Skagerrak and Lake Vänern (1963-1979). - SMHI 
and FIMR. 
Astok, V., Matthus, W., Berzins, V., Carlberg, C., Cyberska, B., Elken, J., Lange, W., Launiainen, J., Nömm, A., Suursaar, 
U., Tamsalu, R. and Vihma, T., 1990: Second periodic assessment of the state of the marine environment of the 
Baltic Sea, 1984-88; background document. Baltic Sea Environment Proceedings, No. 35 B, HELCOM, Helsinki, 
67 pp. 
Belyshev, A.P. and Preobrazhensky L.Y., 1988: Structure of currents in the Neva Bight and Eastern Gulf of Finland based 
on field measurements. Proc. of the State Hydrological Institute, No. 321, 4-16. (in Russian). 
Bychkova, I. and Viktorov, S., 1987: Use of satellite data for identification and classification of upwelling in the Baltic Sea. 
Oceanology, 27 (2), pp. 158-162. 
Climatological Ice Atlas for the Baltic Sea, Kattegatt, Skagerrak and Lake Vänern (1963-1979), 1982: - SMHI and FIMR. 
Elken, J., 1994: Numerical study of fronts between the Baltic sub-basins. Proceedings of the 19th Conference of the Baltic 
Oceanographers, Sopot, Poland, 1, 438-446. 
Evdokimov, S.N., Klevantsov, Y.P., Sustavov, Y.V., 1974: Analysis of dynamics of waters in the Gulf of Finland. 
Collected works of the Leningrad Hydrometeorological Observatory. No. 8, 155-164. (in Russian). 
Haapala, J. and Alenius, P., 1994: Temperature and salinity statistics for the northern Baltic Sea 1961-1990. Finn. Mar. Res., 
262, 51-121. 
Haapala, J., 1994: Upwelling and its influence on nutrient concentration in the coastal area of the Hanko Peninsula, entrance 
of the Gulf of Finland. Estuarine, Coastal and Shelf Science, 38 (5), 507-521. 
Hari, J., 1978: Investigations on water temperature in winter in surroundings of a thermal power plant. Proceedings of the 
11th Conference of the Baltic Oceanographers, Rostock, GDR, 608-614. 
Hela, I., 1952: Drift currents and permanent flow. Societas Scientarium Fennica. Commenationes Physico-Mathematicae, 
XVI. 14. , Helsinki, 27 pp. 
Hela, I., 1976: Vertical velocity of the upwelling in the sea. Commentationes Physico-Mathematicae, 46(1), 9-24, Helsinki. 
Ivanov, V.N., Mikhailov, Y.D., 1972: Estimation of velocity of turbulent energy dissipation and horizontal 
turbulent diffusion coefficient in the Baltic Sea. Proc. of the State Oceanographic Institute, No. 112, 107- 
113. (in Russian). 
Jurva, R., 1952: On the variations and changes of freezing in the Baltic during the last 120 years. - Fennia 75, 17-24. 
Kahma, K.K and Pettersson, H., 1993: Aaltohavaintoja Suomenlahdelta 1982-1985. Merentutkimuslaitos, Sisäinen raportti 
1993 (1), 27 pp (Finnish Institute of Marine Research, Internal Report 1/1993, in Finnish). 
Kahma, K.K and Pettersson, H., 1994: Wave growth in a narrow fetch geometry. - The Global Atmosphere Ocean System, 
Vol. 2, pp. 253-263. 
Kononen, K., Kuparinen, J., Mäkelä, K., Laanemets, J., Pavelson, J. and Nömman, S., 1996: Initiation of cyanobacterial 
blooms in a frontal region at the entrance to the Gulf of Finland. Lircvology & Oceanography, 41(1), 98-112. 
Laanemets, J., Kononen, K. and Pavelson, J., 1996: Fine scale distribution of nutrients at the entrance area to the Gulf of 
Finland, Baltic Sea. Unpublished manuscript. 
Launianen, J. and Koljonen, J., 1981: Variations of temperature and salinity at Finnish fixed hydrographic stations in the 
Baltic Sea. 69TH ICES statutory meeting, October 5-14, 1981, Woods Hole, USA, C.M. 198 l/C:25. 
Launiainen, J. and Laurila, T., 1984: Marine wind characteristics in the northern Baltic Sea. - Fin. Mar. res., 250, 52-86. 
Leppäranta, M. and Seinä, A. 1982: Statistics of fast ice thickness along the Finnish coast. - Finnish Mar.Res. N:o 249, 62- 
71. 
Leppäranta, M., Palosuo, E., Grönvall, H., Kalliosaari, S., Seinä, A. and Peltola, J. 1988: Phases of the ice season in the 
Baltic Sea (North of latitude 57°N). - Finnish Marine Research No. 254, Suppl. 2. 
Lisitzin, E., 1959: The frequency distribution of the sea-level heights along the Finnish coasts. - Merentutkimuslaitoksen 
julk. N:o 190. 
Mikhailov, A.E. ,1981: Horizontal turbulence in the eastern Gulf of Finland. Collected works of the Leningrad 
Hydrometeorological Observatory, No. 12, 29-33. (in Russian). 
Mälkki, P. and Tamsalu, R., 1985. Physical features of the Baltic Sea. Finnish Marine Research, 252, 110 pp, Helsinki. 
Palmlin, E., 1930: Untersuchungen uber die Strömungen in den Finnland umgebenden Meeren. Soc. Sc. Fenn., Comm. 
Phys.-Math. V.12., Helsinki. 
339 
Pavelson, J., 1988: Nature and some characteristics of thermohaline fronts in the Baltic Proper. Proceedings of the 16th 
Conference of the Baltic Oceanographers, Kiel pp. 796-805. 
Sarkkula, J., 1991: Measuring and modelling water currents and quality as a part of decision making for water pollution 
Control. Ph.D. thesis. Tartu University, Estonia. 
Seinä, A., 1994: Extent of ice cover 1961-1990 and restrictions to navigation 1981-1990 along the Finnish coast. Finn. Mar. 
Res., 262, 3-34. 
Skriptunov N.A., 1977: Currents in the Neva Bight during the ice period and their calculation. Collected 
works of the Leningrad Hydrometeorological Observatory, No. 9, 107-145. (in Russian) 
Smelov, N.F., Fomichev, B.A., Chernov, V.M.,1985: Turbulence of waters in the Neva Bight below the ice. 
C.w.L.H.O. N 2(15), (in Russian). 
Talpsepp, L., Nöges, T., Raid, T. and Köuts, T., 1994: Hydrophysical and hydrobiological processes in the Gulf of Finland 
in summer 1987: characterisation and relationship. Continental Shelf Research, 14, 7/8, 749-763. 
Tamsalu, R. and Myrberg, K., 1995: Ecosystem modelling in the Gulf of Finland. I. General features and the hydrodynamic 
prognostic model FINEST. Estuarine, Coastal and ShelfScience, 41, 249-273. 
Tamsalu, R. and Ennet, P., 1995: Ecosystem modelling in the Gulf of Finland. II. The aquatic ecosystem model FINEST. 
Estuarine, Coastal and Shelf Science, 41,429-458. 
Witting, 1912: Zusaorraenfassende Dbersicht der Hydrographie des Bottnischen und Finnischen Meerbusens und der 
Nördlichen Ostsee. Finnlands Hydrographis-Biologische Untesuchungen, Nr.7. 
Witting, R., 1936: Ympäröivät meret. - Suomen maantieteen käsikirja, Suomen maantieteellinen seura. 
Voipio, A. (ed.) 1981: The Baltic Sea. - Elsevier Oceanography Series, 30. pp. 418. 
C A tt] 
341 
7.2 HYDRODYNMIC PROCESSES AND DIFFUSION OF PHYTO-
PLANKTON IN THE EAST PART OF THE GULF OF FINLAND 
V.Gorbatsky, G". Ivanov, D.Ivanov, A. Litvin 
Krylov Shipbuilding Research Institute (KSRI), St.Petersburg, Russia. 
The current fields structure investigated by acoustic current profilels ADCP during the 
special maneuvering of the ship in the east part of the Gulf of Finland. It was found in 
particular that the current field appears as the system of big vortex rings of the diameter of 
several miles each. The vertical structures of the velocities vectors include also the vortex. 
flow with the variable direction of the circulation and the jet streams. 
The statistical analysis was carried out on the current velocity perturbations and on the 
disturbances of the chlorophyll-A concentration values obtained simultaneously during ship 
tracks. The parameters of the space scales power spectra and diffusion coefficients 
demonstrate the key role of the water dynamics in the formation of the phytoplankton 
patchiness. 
Measurement equipment and methods 
The advanced system of the devices used in the present investigations of hydrophysical 
parameters: 
Hydrological probe OTS-1500 (ME Meerestechnik GMbH, Germany) provide the vertical 
profiles of temperature, salinity. density, dissolved oxygen. The current velocities 
measured by Acoustic Doppler Current Profiles (ADCP, RD Instruments, USA) ADCP 300 
BB-DR. The precision navigation system (GPS) Trimble NT 200 was used in these 
measurements. The vertical and along ship route distribution of the velocity vectors was 
plotted by special software. 
The measurements of the chlorophyll-A concentration values were made by the fluorometer 
Backscat (ME Meerestehnik GMbH (FRG), using the flowthrough system. 
Current fields 
The big quantity of the measurements of the currents field palameters was made by KSRI 
during last 6 years in the Gulf of Finland [1], [2]. The distribution of the velocity vectors 
along the tracks and its vertical distribution were obtained from the moving ship. 
The maneuvering of the ship was made in the key localities of the region: in Neva estuary, 
in transition zone and in open part of the gulf (fig.1). 
The most attractive velocity vectors distribution obtained in the "transition zone" and in 
the open part of the Gulf along the ship tracks is shown in the figure 1. 
The most significant feature of this picture is the space variability of vector directions 
reflected the vortex flow regime in the area. In particular the figure 2 demonstrates the 
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vortex rings system in the viscinity of the transition zone. The stable and big ring in the 
clockwise circulation was obvered in the viscinity of the transition zone in three series of 
measurements. The position of the ring in the area is slightly variable: the ring moves in 
east direction (about 20 miles) from August to October. 
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Fig. 1. Ship tracks in the investigations in the Gulf of Finland. 
Livar ] .. 	 ID c 
I 
Fig. 2. The vortex structure in area. 
The vertical structure of the flow demonstrates the vortex flow through all depth and 
variability of the circulation direction (fig. 3). 
The flow space structure is more irregular in the areas adjust to the dam (west boarder of 
Neva Bay) where the Neva water masses in trade in the vortex flow almost through all 
depth and sharp variability in f low direction appears as demonstrated by figure 3. 
The flow structure in the open part of the Gulf of Finland is different of the discussed 
above. In particular the figure 3 shows the very complex vertical structure of the current 
velocities along the ship track from Beresovy island to Gogland island. The multiple jet 
flow interaction creates the structures of the small vortex with the high intensity. 
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Fig. 3. Vertical distribution of velocity vectors along the ship track 
a- 17.08.96, b-3.10.96, c-14.10.96. 
Statistical analysis of the current velocities and chlorophyll-A concentration data 
collected from moving ship 
The statistical analysis of the multiparameters data: current velocities, chlorophyll-A 
concentration values, temperature, salinity is carried out for the ship tracks made on 14.10.1996 
(fig. 4). 
The methods of analysis are similar to the turbulent flow investigations [3]= [8] and include next 
steps: 
- presentation of the total instant data value as sum U=u+u' where u-averaged value on the data 
series, u'- fluctuation value 
- statistical analysis of the fluctuating random part of the total value: 
- the basic argument in the confirmation of the turbulent flow regime is the power spectrum 
relation F(k)—Ak°, where n=-5/3 is inertial range' of the local isotropic turbulent f low, n=-3 is 
the two dimensional turbulent flow [6]- [8], [ 10] 
- determination of the scales of the turbulent fluctuations 
- determination of the diffusion coefficients 
- determination of the power spectra. 
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Fig. 4. The measured parameters (instantaneous values) vs time (along ship track) 
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Fig. 5. The power density spectra (14.10.96) vs frequency f(s 1) // a - longitudinal component of 
the velocity fluctuations; b - chlorophyll-A concentrentation fluctuations. 
The analysis was carried out in five selected parts of the ship track. 
The results of the analysis provide next main conclusions on 14.10.96 measurements: 
a. Power density spectra (fig. 5 ) demonstrates the dependency with index n=3 and that accords 
with two dimensional turbulent flow models [6], [10]. 
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b. The scales of the velocity turbulent fluctuations are in the range from 500 m to 1600 m and 
almost similar for different scalar parameters (fig.6). It is also the feature of the two dimensional 
turbulence. 
c. The intensity of the turbulence fluctuations is much higher for the currents as for scalar values. 
The reason is the strong mixing inducing in the scalar fields by intensive turbulent flow. 
d. The coefficient of turbulent diffusion of the chlorophyll-A concentration is very variable along 
the ship track (fig.7a): about 5 times more in the end of the track in comparison with the starting 
points and it depends strongly on the turbulent fluctuation scales as K,—L' 95 (fig.7b). 
e. The correlation between chlorophyll-A and salinity is much higher than between velocity and 
another scalar parameters. 
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Fig. 7a-b. The dependences of the chlorophyll-A diffusion coefficient (14.10.96) 
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Conclusions 
The results of the currents structure investigation presented in this paper give a new image of 
the dynamics of the east part of the Gulf of Finland. The observed vortex structure of currents 
can play the important role in the phytoplankton species diffusion and sedimentation. The direct 
measurements of the hydrodynamic parameters in the aquatic area by ADCP devices give 
important information of the development of diffusion and sedimentation additionaly to the 
theoretical approaches and laboratory data presented in recent works [10]-[12]. 
The statistical analysis of the current measurements data combined with the scalar values 
analysis demonstrates the fruitful method of the investigations of the turbulent flow dynamics in 
the shallow water areas with the high contents of the phytoplankton. 
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8.1 MAIN RESULTS OF THE UNESCO BALTIC FLOATING 
UNIVERSITY ACTIVITIES WITHIN THE GULF OF FINLAND 
YEAR PROJECT 
A. V. Nekrasov, Y. I. Lyakhin, V Y. Chantsev, V. V. Galtsova 
Russian State Hydrometeorological Institute 
Between 1993-1996, the UNESCO-IOC-HELCOM sponsored - Baltic Floating University 
(BFU)- project, being performed by the Russian State Hydrometeorological Institute 
(RSHI) in cooperation with various universities and institutions of Russia, Finland and 
Estonia, concentrated its activities in the Eastern Baltic with application to the 
"training-through-research" principle. Much of the research and training program was 
carried out in the Gulf of Finland, on and around its numerous islands and banks, in bights, 
estuaries, as well as offshore. A small research platform such as the catamaran ORIENTS 
(RSHI) was rather effective for coastal operations. In open parts of the Gulf the research 
was effectuated with the help of larger research ships: PROFESSOR DOROFEEV (RSHI, 
1993), PERSEY (Russian Navy, 1994) and NIKOLAI MATUSEVICH (Russian Navy, 
1995, 1996). The activities were devoted to studying different areas predominantly of the 
Eastern part of the Gulf in a multi-disciplinary manner, and the complete integration of the 
results obtained so far is yet to be achieved. However, the importance of this work is 
predetermined by the fact that two contradicting approaches are being developed in the 
region: the environment protection oriented one (creation of a large biosphere reserve on 
the Eastern Gulf of Finland), and important industrial development plans. Thus, 
information on the current environmental situation in the region, before the start of any 
further industrialisation, is essential giving a'reference level' on environmental conditions, 
as well as necessary elements for decision making. The level of pollution, eutrophication, 
coastal currents and mixing (and thus the transportation of pollutants), biodiversity, 
nursery grounds, intruders etc. are the key elements being studied within the project's 
framework. Its scientific plans are based on that of the regional intergovernmental project 
"Gulf of Finland Year'96 (GOF'96)", the most active part of which took place in 1996. 
Over the period 1993-1996 the activities of the BFU were proceeding, primarily, in two 
main areas of investigation: (1) studying the marine ecosystems of the islands and shoal 
waters in the eastern Gulf of Finland, (2) studying the Luga-Koporye region. In 1996 
an effort has been mounted to extend the study to include the open part of the Gulf into 
consideration and so the third area of investigation - (3) studying the open Eastern Gulf - 
has been initiated. 
The objectives of the first area of investigation was to contribute to the scientific substan-
tiation of the proposed biosphere reserve (including the development of its monitoring 
system) in the eastern Gulf of Finland. The idea of a protected biosphere reserve in this 
region was proposed by the Biological Research Institute of the St. Petersburg State 
University (BRI/SPSU) at the very beginning of 90-ies, and was then embodied in a 
resolution of the BMB/WWF international working group and submitted to HELCOM 
Environment Committee in the beginning of 1992 [1, 2, 3, 4, 5]. A similar suggestion was 
made by the Rusian representative in this Committee in October 1993. These proposals 
were approved at the Meeting of Baltic Ministers of Environment in March 1994. In 
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October 1994 the BRI's proposal on the establishment of a protected biosphere area in the 
"Eastern Gulf of Finland" was adopted by the Government of the Leningrad District. With 
the goal of gaining a basic notion of existing state of local bottom ecosystems, a number 
of cruises has been fulfilled by the catamaran ORIENTS during 1993 - 1996 with main 
efforts on the study of benthos communities of shoals surrounding the islands and those 
adjacent to the mainland coast. In conducting the benthos investigations the diving works 
with ground and benthos sampling and underwater landscape description were made from 
the catamaran along the transects set up roughly radially around islands and normally to 
mainland coast to a depth of about 12 m (sometimes to about 20 m). 
The second and third areas of investigation were related to study of the existing environ-
mental state of the Gulf of Finland with an assessment of possible versions of its evolution 
in response to natural and anthropogenic factors. The principal objective of the GOF'96 
Project was to substantiate the recommendations on the anthropogenic load regime 
optimization aiming at impeding negative tendencies in the evolution of the Gulf and, 
wherever possible, to reverse them [6, 7]. Acting within the framework of the efforts 
aimed at achieving this final goal, the oceanographic surveys with special emphasis to 
eutrophication and nutrients concentrations have been accomplished in the Luga-Koporye 
region (Luzhskaya and Koporskaya bays in the southern part of the eastern Gulf of 
Finland) exposed to the influence a large nuclear power plant located on the shore of the 
Koporskaya Bay and including the supposed site of an immense port complex to be 
constructed in the Luzhskaya Bay. The outline of this region ("polygon") was chosen to 
match almost exactly with one of the "boxes" of the Finnish-Estonian mathematical 
ecosystem model [8, 9, 10] the position of stations coinciding with grid-points of the 
model. In June 1996 the hydrographic survey of this type was extended over the open 
Gulfs part lying to the east of the Gogland Island. The main task of these works, alongside 
the study of local hydrography, was to determine the existing nutrients content and, 
correspondingly, the eutrophication level as well as hydrobiological conditions in the re-
gions under investigation with an estimation of the evolution of these characteristics from 
year to year. The surveys were performed by the larger research ships with partial 
participation of the catamaran. 
Along with the investigations within the basic subjects, the catamaran ORIENTS took part 
in various additional activities such as joint Russian-Finnish study of littoral biotops near 
the Western Mustasaari island (Suomenlinna archipelago); examination of the Baltic seal 
grounds in the Eastern Gulf of Finland; underwater examination of the entrance to the 
Suurkylanlahti harbour (Gogland Island); study of bottom sediments in the eastern part of 
the Koporskaya Bight and so on. The larger research vessels executed repeatedly the 
measurements at the "HELCOM-stations" along the axis of the Gulf of Finland and the 
Baltic Proper. The BFU's field activities during 1993-1996 are shown in Figs 1, 2, 6 and 
10. 
In accordance with three above-mentioned areas of investigation, the main results of re-
search are presented below in relation to each of them. 
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(1) Studying the marine ecosystems of the islands and shoal waters in the Eastern 
Gulf of Finland 
Since 1993 altogether four cruises aimed at studying the benthos communities have been 
performed by the catamaran ORIENTS: 6-th August, 1993; islands of Great Tuters and 
Seskar, 7-th July, 1994; islands of Gogland, the Virgins, Little Tuters, 9-th July, 1995; 
islands of Gogland, Great Tuters, the Virgins as well as Remissar and Hangeloda of the 
Kurgalsky Reef adjacent to the Luzhskaya Bight and 11-th June-July, 1996; Kurgalsky 
Reef with Hiitamatala, Remissar and Hangeloda islands, Great and Small Fiskar islands 
and Bjorke Archipelago, Bay of Viborg. The distribution and number of different forms of 
macro- and meiobenthos have been studied in the vicinity of the islands; a general 
impression of the bottom landscapes has been also obtained. The position of some diving 
transects as well as bottom profiles with macrobenthos forms are sketched in Figs. 3, 4 and 
5. 
In general, all the islands under examination can be geographically divided into three 
groups: the large islands lying in the open sea (Gogland, Great Tuters, Small Tuters, 
Seskar, the Virgins), the islands of the Kurgalsky Reef (Remissar, Hangeloda, Hiitamatala) 
and the islands adjacent to the Bay of Viborg (Great Fiskar, Small Fiskar, Bjorke Islands, 
islands of the proper Bay of Viborg). 
Large islands in the open sea 
The distribution of seabed biocoenoses around islands has been found to be of belt-like 
form the belt width following the nature and character of a given substrate. The qualitative 
and quantitative composition of each biocoenosis has been established for principal types 
of bottom biotops (sandy, stones and boulders, rocky). 
On the gently sloping beach-like bottom near the shoreline with the sand of different 
grain-size occurring intermittently with stones and boulders, the Cladophora glomerata is 
found to be predominating on isolated boulders. Where the shores are rocky, the brown 
algae Fucus vesiculosus, green filamentous and Cladophora rupestris together with red 
algae Furcellaria fastigata are present, the last-named extending down to 4-8 m depth. In 
upper layer (3-4 m depth) the amphipods Gammarus salinus and gastropods 
Potamorphygus jenkinsi are dominant while somewhat deeper the crustaceans Saduria 
entomon and Idotea balthica play a significant role. Rocky shares of the phytal zone down 
to 4-6 m depth are inhabited by biocoenosis Gammarus zaddachi plus Jaera alf brons, the 
gastropods Theodoxus fluviatilis and Limnea fontinalis also being of considerable im-
portance. Below about 10 m depth, the sub-littoral zone changes becoming much poorer 
both in vegetation and macrozoobenthos. The oligohaeta Clitellio arenarius seems to be 
dominant in some areas. At the same time, the bivalve Macoma balthica biocoenosis can 
be found fairly often on a sandy bottom at 8-14 m depth with Bryozoa electa balthica and 
crustaceans Balanus improvisus covering isolated boulders. 
The meiobenthos consisting of bottom living organisms of size 0.1-0.2 mm and including 
a number of animal species represents an important part of the marine ecosystem with very 
great population density. At most of the stations the density observed was about 50 
thousands per square meter. Density of nematodes and harpacticoids was equal to 55-90 % 
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of total meiobenthos density. 
Kurgalsky Reef 
In this region the depths range from 2 to 25 m was covered with observations and sam-
pling. It has been found that the bottom ground was represented predominantly by sands of 
different grade. Stony grounds are practically absent on the eastern side of the Kurgalsky 
Reef with phytal appearing only slightly. On sandy shoals down to 5 m depth, the benthos 
is not too abundant though sufficiently diversified (the moss-animals (Bryozoa) of various 
types, as well as Macoma balthica, Mesodotea entomon, Balanus, the crustaceans 
(Gammarus et al.).). The diversity of benthos reduces at a depth of about 10 m. Sizeable 
specimens of Mesodotea (giving great biomass) as well as those of Macoma balthica 
occure on the silted sand. At a depth of about 20 m there is a fairly deep layer of mud 
containing hydrogen sulfide what results in practical absence of living organisms at great 
depths. Thus, it is reasonably safe to suggest that the region of the Kurgalsky Reef is not 
prone to a strong anthropogenic impact and so its benthos is sufficiently diversified down 
to 10-15 m depth. In general, the species composition of macrobenthos in the eastern part 
of the Kurgalsky Reef is rather similar to that around the large islands in the open sea. The 
distribution of benthos animals is influenced perceptibly by uncovered bars, for example 
in the region of the Hiitamatala island, where they form a number of small bights with 
specific fauna. A great quantity of veligers of mollusc Dreissena polymorpha have been 
found, while the absence of adult specimens of Dreissena seemed rather surprising. 
Islands adjacent to the Bight of Viborg 
The study of benthos communities in the Bight of Viborg and in the vicinity of adjacent 
islands was made with regard to the water transparency. These works were agreed with the 
Southeast Finland Regional Environment Centre (SEFREC) dealing with the international 
project "Distribution strategies of Zebra mussel (Dreissena polymorpha) in the Gulf of 
Finland" and executed with Finnish specialists Dr. A. Lehvo (Finnish Environment 
Institute) and Y. Vaittinen (University of Jyväskylä). The lowermost boundary of algae 
distribution in different sites correlating to the local transparency has been stated. The 
interest in this region is brought about also by the fact that in this area a boundary passes 
of marine originated species: Fucus vesiculosus, Balanus improvisus et al. The refinement 
of the easternmost position of this boundary was one of major problems to be studied as 
well. 
Much attention was given to the study of a recent installer in this region - the mussel 
Dreissena polymorpha, which had already managed to become a dominant form of the 
rocky bottom biocoenoses. At some stations its number was as much as 100 specimens per 
square meter with evident domination in biomass among the zoobenthos. It was also found 
that the south-western (outer) and north-eastern (inner) coastal zones of the Björke Islands 
differ considerably in a faunistic sense what calls for further investigation. 
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(2) Studying the Luga-Koporye region 
The stations being completed in the Luga-Koporye region annually (1993-1996) by two 
ships (catamaran and a larger ship) are demonstrated in Fig. 6. 
Hydrography 
As a consequence of fairly regular surveyings in the Luga-Koporye region over four con-
secutive years, a closer insight has been gained into local hydrographic conditions. In 
general terms, the measured fields of sea water temperature (T), salinity (S) and density 
show the vertical structure typical for summer (heating) period and marked by: ( a ) a 
mixed upper quasi-homogeneous layer (UQL) of 10-15 m (sometimes a little more) in 
thickness; ( b ) a transient ("jump") layer of sharp thermo and halocline several meters in 
thickness; and ( c ) a bottom layer often having form of a gentle thermo- and halocline 
and occupied by transformed waters penetrating from the open part of the Gulf. In late July 
(period of highest heating), the temperature in the UQL is about 17-18 ° C (over 20 °C 
in the close vicinity of the shoreline) with inner vertical gradients not exceeding 0.2-0.5 
°C/m. The bottom temperature is strongly dependent upon the local depth going below 3 
°C (down 2 °C) in the deepest (more than 30 m) parts of the Luzhskaya and Koporskaya 
Bights. The salinity generally ranges within 2.5-2.6 psu with halocline (vertical gradients 
about 0.2-0.4 psu/m) and thermocline practically coinciding. The bottom salinity also 
depends upon the local depth. The typical T. scurves have the form of straight "mixing 
lines" indicating that the quasi-stationary diffusion seems to be responsible for the vertical 
thermo-haline structure formation. Generally, the background stratification corresponds to 
a "complete stability" type which is not favourable for the development of fine structure 
owing to a "double diffusion" effect. 
The horizontal thermo-haline structure is characterized by irregularities (mean scale of or-
der about 10 km) of apparently dynamical origin (Fig. 7, relating to July 1996 and showing 
specific for this year T, S extreme values some lower than indicated above). Within the 
UQL these irregularities seem to be rather variable in time differing considerably from one 
surveying to another. Alternatively, the T and S patterns close to seabed retain certain 
similarity being conditioned to a large measure by the bottom topography and implying 
the movement of waters from the open areas of the Gulf in the shoreward direction. The 
analysis of T and S spatial variability shows that their horizontal correlation (negative) is 
highest in the under-surface and near-bottom layers which is a circumstantial evidence 
that the corresponding horizontal surfaces can be regarded as isopiycnic whereas for 
intermediate layers the diapycnicity is characteristic. 
The course of T, S and density isolines at the meridional and latitduinal transects implies 
a weak baroclinity (isopycnic lines and isobars are nearly parallel) and absence of strong 
(distinct) frontal separations with exception of the head of the Luzhskaya Bay in a vicinity 
of the Luga River where a distinct frontal zone exists caused by an appreciable warm and 
freshwater discharge. In the remaining part of the Luga-Koporye region the estimation of 
the potential energy anomaly showed that the probability of frontal separation does not 
seem to be very high. The existing weak frontal zones belong to a thermoclinic or 
haloclinic type. Unlike baroclinic fronts, these can be manifested in T and S fields but the 
contributions of T and S compensate each other in a density field. 
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Hydrochemistry 
The chemical vertical structure of waters in the Luga-Koporye region is similar to the hy-
drographic one being represented by two layers - the upper and deep ones - separated by a 
relatively thin jump-like transient zone corresponding to a thermocline position. The 
situation in the upper layer in the mid-summer is characterized by intensive phytoplankton 
bloom causing extraction of nutrients from water and very high values of oxygen and pH. 
In transient and deep layers the organic detritus undergoes a biochemical decomposition 
while the nutrients regenerate. Certain quantitative distinctions, however, have been 
revealed in the course of the four-year investigations. 
In July 1993 the abundant phytoplankton bloom was observed with blue-green algae pre-
dominant within the upper 8 m layer. Very high values of pH (up to 8) and oxygen content 
(110-125%)as well as peak (for summer) concentrations of phosphates (9-15 gg/1) and 
nitrates (20-40/Ag/1) with nitrites presenting universally (up to 3 g/1). Below the 
thermocline the values of pH reduced to 7.50-7.70 with the oxygen content being about 
70-80% and phophates increasing to 160-250 ,ug/l. So the deep eutrophication was stated 
for the region considered. The nutrient discharge from land was so great that the 
phytoplankton biomass even though highly developed was incapable of utilizing the 
phosphates and nitrates in the upper layer. 
In August 1994 a pronounced decrease of photosynthesis activity was observed: values of 
pH increased to 8.1-8.3, concentrations of oxygen, phosphates and nitrates decreased to 
100-110%, 0-4 , gg/l and 10-20 gg/l, correspondingly. However, below the thermocline 
the pH values decreased to 7.1-7.2 with the oxygen content being no more than 20-30% 
and phosphates and nitrates concentrations increasing respectively to 40-50 and 200-260 
gg/l. This situation was caused by the fact that whereas, in the end of summer, the 
phytoplankton could cope with the nutrients load discharged from the land, the destruction 
of a gigantic amount of detritus raised a menacing state of eutrophication in the bottom 
layers. 
In July 1995 a radical change was revealed in the hydrochemical situation. The amount of 
phytoplankton decreased considerably with increasing proportion of diatoms in it. The 
vertical gradients of concentrations were smothed off with general decreasing of nutrients 
content what could be explained by the decay of the anthropogenic nutrients load. Actually 
the concentrations of phosphates, nitrates and nitrites observed in 1995 were close to those 
existing in 50-ies and 60-ies ("natural background"). No evidence of pronounced 
eutrophication was detected. 
In July 1996 again an increase of nutrients amount was observed. In the upper layer the 
concentration of phosphates was 7-20 ,ug/l and that of nitrates - 0-10 ,ug/l. The annual 
evolution of summer concentrations of nutrients for 1993-1996 is given in Fig. 8. It can be 
inferred from these data that some new coastal sources of nutrient pollution started acting 
in 1996 in this region. 
While on the subject of results, it should be noted that considerable anomalies of the N:P 
molar relation, with that reaching as much as (10-30):1, particularly in near-bottom 
layers, have been found at the peak of eutrophication (July 1993) coincidentally with 
remarkably high nutrients concentrations. This bears witness to the absence of limitation 
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effects from nutrients and implies a violation of natural nutrients cycling. 
Horizontal turbulent diffusion 
In 1995 and 1996 experiments have been performed in the Luzhskaya Bay on studying 
horizontal turbulence by means of floating drifters supplied with underwater sail. Test 
drifter observations describing the movements in one-meter layer Iying between 3 and 4 m 
depths have been effectuated with one hour spacing during some periods of one day. From 
displacements of a drifter the drift velocity U(ti) was determined for each time interval T. 
Diffusion scale i was found from the relationship i = co where o- effective radial 
dispersion and c - numerical coefficient determined as a radius of scattering within the 
limits of which not less than 95% of displacements fall. By using the expression 
U(t) • U(t+ z) 
K= U 2 f R(z)clz, 	where 	R(z) = 	U(t)2  
0 
is a velocity autocorrelation, one can calculate K as a function of i by estimating the 
relationship between the effective horizontal diffusivity and the length scale of the eddies 
responsible for the diffusion process under study. This relationship is given in the Fig. 9 
from which it is seen that the theoretical "4/3 power low" is slightly violated: the empirical 
power is equal to 1.15 instead of its theoretical value 1.33. 
At the data obtained, mean values of some other parameters of horizontal eddy diffusion 
can be estimated. The mean current velocity in the central part of the Luzhskaya Bay 
generated by the discharge of the Luga River at the mentioned depth was about 14 cm/s. 
So the mean length scale i is approximately 300-350 m and mean eddy diffusivity K has 
the magnitude of about 2.5-105 cm2/s what is consistent with existing notion. 
(3) Studying the open Eastern Gulf 
Characteristics of thermo-haline structure as well as distribution of oxygen, pH and nutri-
ents together with number and composition of hydrobiontes in the eastern part of the Gulf 
of Finland have been studied during the complex oceanographic survey of this area made 
by the R/V NIKOLAI MATUSEVICH during 15- 17 of July 1996 under a program 
developed and coordinated with the Finnish Institute of Marine Research and its R/V 
ARANDA which had fulfilled a little earlier the similar survey in the western Gulf. The 
positions of stations made by R/V NIKOLAI MATUSEVICH are shown in Fig. 10. 
Hydrography 
The thermo-haline structure of the Eastern Gulf of Finland describes the zone of transfor-
mation of waters discharged by the Neva River and interacting with more saline waters of 
the open part of the Gulf. Distribution of T and S in the upper and bottom layers is shown 
in Figs. 11 and 12. 
This distribution is determined in general by the above-mentioned interaction and is 
typical for the stage of summer heating with details depending on local differences in the 
radiation balance and wind-induced mixing. The vertical structure is characterized by the 
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UQL about 15-18 m in thickness, the 8-10 m thick transient layer with 0.8-1.0°C/m 
vertical gradients, and near-bottom thermo-halocline. Two water masses - the surface and 
bottom ones - are obviously present with characteristics of the latter being conditioned by 
intensity of inflow of relatively saline water from the Baltic Proper. 
Hydrochemistry 
Hydrochernical structure of waters in the eastern part of the Gulf is also of three-layer type. 
In the upper layer, practically coinciding with the UQL, the maximum values of pH (above 
8.20) and oxygen (90-105%) were observed with minimal concentrations of nutrients. 
Within the transient layer the oxygen content and values of pH are reduced sharply with 
intensive increase of nutrients concentrations. These tendencies bring into existence the 
appropriate extreme values of mentioned characteristics in the near-bottom layer. Of 
special interest is the distribution of nutrients in the eastern Gulf (see Figs. 13 and 14) 
derived for the first time within the last years from the thorough direct observations. The 
maximum concentrations of phosphates and nitrates were found in the easternmost part of 
the area under study being associated with the discharges from the St. Petersburg northern 
and southern sewage/industrial purification systems swept out of the Neva Bight. In spite 
of dilution and consumption by phytoplankton, an elevated content of nutrients caused by 
this source can be detected as far as the Luga-Koporye region and even farther to the west. 
Some additional coastal sources of nutrients discharge have been noted in the Luzhskaya 
and Koporskaya Bays. As a result, the concentrations of phosphates and nitrates are kept 
elevated universally in the upper layer giving evidence of eutrophication. 
Hydrobiology 
Hydrobiological works in this cruise of RIV NIKOLAI MATUSEVICH made possible the 
determination of phytoplankton composition in the open part of the eastern Gulf. 
Altogether 91 species of plankton algae relevant to 7 divisions and subdivisions have been 
found: blue-green (17 species), Cryptophytina (8), Dinophytina (5), Chrysophyta (2), 
yellow-green (1), Bacillariophyta (17), green (43). The total number of phytoplankton 
varied from 1.14. 106 to 4.20.106 specimens per litre amountingto an average of 2.36.106 
sp/l, while the biomass was variable from 0.24 to 0.89 ,ug/l (in the average 0.49 ,ug/1). In 
the eastern part of the area under study, the number and biomass increased correspondingly 
to 2.73.106 - 6.41.106 sp/l (in the average 3.90.106 sp/1) and to 1.02 1.93.106 ,ag/l (in the 
average 1.57 ,ug/1). 
The content of chlorophyll "a" was changed from 1.55 - 4.67 ,ug/l (in the average 2.43 
,ug/l) in the deep part of the basin to 11.25 - 13.11,ag/l ( in the average 11.97,ug/l) in the 
easternmost shallow region. In general, according to the chlorophyll "a" content of the 
plankton, the shallow part of the Gulf can be qualified as eutrophic waters whereas the 
remaining part of the basin exhibits mesotrophic characteristics. Obtained values of 
concentrations of chlorophyll "a" fall within the limits of their annual variation. 
The concentration of seston also drops from the east to the west - from 3.17 to 2.12 ,ug/1. 
At the same time, the suspended organic matter is distributed with a fair uniformity over 
the whole area of the Eastern Gulf with concentration within 0.75 - 2.34 mg/l (in the 
average 1.38 mg/1). The study of the rate of organic matter production showed that the 
shallow and transient regions were found to be the mostly favourable for photosynthesis 
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with its mean daily rate under conditions of optimal illumination reaching 0.33 - 0.39 
gC/m3. The values of primary production are distributed more uniformly over the area of 
the Gulf than the rate of photosynthesis. 
In studies of zooplankton, 40 species relating to 3 divisions have been found: Rotatoria (17 
species), Cladocera (12) and Copepoda (11). Their distribution was intimately associated 
with salinity. As a whole, the level of zooplankton development in July 1996 can be 
estimated as relatively moderate. Yet, the quantitative characteristics of zooplankton 
development were not beyond the scope of their annual variability. As in preceding years, 
some nauplii (larvae) of copepodas with swell-like anomalies were identified at certain 
stations. This year, however, these anomalies were first observed not only in the 
easternmost shallow region but also in the deep-water zone. Frequency of nauplii 
affections varied from 0.2 to 0.3% of the total number. 
The macrozoobenthos was found to be fairly poor qualitatively. The organisms were de-
tected of such systematic groups as Polychaeta (2 species), Oligochaeta (2), Amphipoda 
(4), Isopoda (2), Bivalvia mollusc (1) and larvae of Chironomidae (8 forms). By far the 
majority of them were found only at shallow-water stations with depths not exceeding 
20-25 m. The quantitative distribution of benthos is very irregular. So, the bottom 
macrofauna was completely absent at a depth of about 40 m in the vicinity of the Seskar 
and Moshny islands. The occurrence of such lifeless bottom areas was first noted in the 
Eastern Gulf of Finland. This fact is most likely caused by the deterioration of the benthic 
gases regime which was indicated by a strong odour of hydrogen sulphide emitted by 
sea-bed samples taken from the sites where benthos was absent. In this relation, one might 
expect that the further degradation of benthic gases regime would result in practically total 
disappearance of bottom fauna in the deep-water zone of the eastern Gulf which may have 
catastrophic environmental consequences throughout the entire Gulf of Finland. 
More details and some other results based on a further consideration of data obtained in 
the BFU cruises, as well as certain generalizations, have been presented in a the 
following publications. 
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Fig. 1. BFU research activity in 1993 and 1994 
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Fig. 2. BFU research activity in 1995 and 1996 (without the survey of the eastern Gulf) 
For a designations see Fig. 1. 
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Fig. 3. Underwater landscape - benthos distribution (Great Tuters, August 1993 and Virgin 
Islands, July 1994) 
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Fig. 4. Underwater landscape - benthos distribution (Gogland, and Small Tuters, July 1994) 
For a designations see Fig. 3. 
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Fig. 5. Field diving works of the catamaran in the Eastern Gulf of Finland 
- Large islands in the open sea (areas ofthe hydrobiological diving 
works); 
- Kurgalsky Reef (areas of hydrobiological diving works); 
- Islands adjacent to the Bight of Viborg (seperate hydrobiological 
diving stations). 
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Fig. 6. Oceanographic stations ("polygon") in the Luga-Koporye region: 
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Fig. 7. Temperature and salinity horizontal distribution in the Luga-Koporye 
region (1 m deum and the bottom, July 1995). 
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Fig. 8. Summer concentrations of nutrients in the luga-Koporye region 
in 1993-1996 a) surface concentrations; b) bottom concentrations. Mean 
1956-1958 values of surface and bottom concentrations of nutriens are 
shown as "uppoluted levels" (according to Y.I.Lyakhin, 1996). 
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Fig. 9. Horizontal eddy diffusion K as a function of horizontal scale L 
derived from observation in the Luhskaya Bight in summer 1995. 
Fig. 10. Oceanographic stations made by RIV NIKOLAI 
MATUSEVICH in the eastern Gulf of Finland (July, 1996). 
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Fig. 11. Horizontal distribution of temperature on the survace (S) and 
bottom (B) in the eastern Gulf of Finland (July, 1996). 
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Figure 12. Horizontal distribution of salinity on the survace (S) and 
bottom (B) in the eastern Gulf of Finland (July, 1996). 
\ 
60 '00' 
	. \\~ 	'.y~ ~o •` -`~ ____~3. 	Jib 	 1 	\\ __ 
59O 	.- 
	 (S) 
i I 	I i 
27 °00' 	27 	°30 	28 	`00' 
	
28 ' 0' 	2N 	°00' 	29 	'30' 
6030' 
80ba 
(B) 
27 b0' 	27 •30' 	28 b0' 
	
28.3 Y 	29 	$0' 	29 `: a' 
M 'Ii 
.1 11 
370 
Figure 13. Horizontal distribution of NO3 (ug/1) on the surface of the 
eastern Gulf of Finland (July, 1996). 
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Fig. 14. Horizontal distribution of PO4 (g/l) on the survace of the 
eastern Gulf of Finland (July, 1996). 
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